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flb«tr«ct 

This  investigation  studied  nueerous  factors  affecting 
facility  energy  conservation  at  Air  Force  installations. 

As  of  30  Sept  1984,  the  Air  Force  has  collectively  achieved 
a  14.1  percent  reduction  in  facilty  energy  consumption 

which  is  far  short  of  the  20  percent  goal  set  for  FY8S.  A 

< 

clear  understanding  is  needed  as  to  why  certain  bases  have 
successful  energy  conservation  programs  and  others  do  not. 

The  study  was  accomplished  by  a  statistical  analysis 
of  a  multiple  linear  regression  model  based  upon  energy  and 
weather  data  collected  on  77  bases  during  the  years  1980 
through  1984.  The  investigation  considered  27  variables 
believed  to  affect  energy  conservation.  The  results  indi¬ 
cated  nine  independent  variables  have  a  significant  linear 
effect  on  energy  conservation  at  a  0.09  level  of  signifi¬ 
cance.  These  variables  include  cooling  degree  days,  costs 
of  EMCS  and  EC IP  projects,  square  footage,  change  in  square 
footage  from  the  baseline,  difference  between  the  baseline 
weather  and  the  20-year  average,  climatic  zone  2,  and  bases 
within  the  Tactical  Air  Command. 

It  was  concluded  that  the  present  method  used  to 
measure  energy  conservation  does  not  provide  a  true  indi¬ 
cation  of  a  base's  energy  conservation  efforts.  The 
current  method  fails  to  consider  the  effect  of  numerous 
uncontrollable  factors  affecting  energy  conservation.  In 
particular,  variations  between  the  weather  during  the 
current  year  and  the  baseline  year  are  not  accounted  for. 


AN  INVESTIGATION  OF  FACT0R8  AFFECTING  THE 
8UCCE88  OF  FACILITY  ENERGY  CONSERVATION 
AT  AIR  FORCE  INSTALLATIONS 


!■  Introduction 

Gtatement  of  the  Problem 

The  Air  Force  has  bssn  actively  pursuing  ensrgy  con— 
ssrvation  sines  ths  rsslizstion  that  ths  nation's  snsrgy 
supply  was  uncertain  as  a  result  of  the  1973  oil  eabargo. 
Executive  Order  12003  established  a  goal  for  -fiscal  year 
1989  of  a  20  percent  reduction  in  facility  energy  use  per 
gross  square  foot  as  coepared  with  fiscal  year  1975.  As  of 
30  Septeeber  1904,  the  Air  Farce  has  collectively  achieved 
a  14.1  percent  reduction.  With  the  FY198S  goal  less  than  a 
year  away,  it  eases  apparent  the  Air  Force  will  not  eeet 
this  goal. 

Although  several  bases  have  surpassed  the  goal,  the 
majority  of  the  bases  have  fallen  short.  A  clear  under¬ 
standing  is  needed  as  to  why  certain  bases  have  successful 
energy  conservation  programs  and  others  do  not.  The 
current  procedures  for  calculating  energy  conservation  fail 
to  consider  numerous  factors  that  may  influence  energy 
conservation.  Comparing  energy  consumption  to  a  specific 
year  (FY1979)  may  not  reflect  a  representative  estimate  of 
energy  conservation.  This  study  will  attempt  to  relate 
energy  conservation  to  changes  in  the  baseline  other  than 


■nargy  consumption.  An  understanding  of  tho  variables 
affecting  on orgy  conservation ,  both  control lad  and  uncon¬ 
trolled,  can  holp  redirect  the  Air  Force's  energy  conser¬ 
vation  efforts. 

Background 

In  the  early  1950's(  this  nation's  demand  for  petro¬ 
leum  began  to  exceed  its  supply.  Consequently,  it  became 
necessary  to  import  cruda  ail  from  foreign  countries.  This 
imbalance  between  internal  supply  and  demand  continued  to 
increase  and  by  1973,  nearly  30  percent  of  all  domestic 
energy  consumption  was  supplied  from  foreign  sources  <22*2- 
3) .  In  late  1973,  the  Organization  of  Petroleum  Exporting 
Countries  (OPEC)  ieposed  an  embargo  on  crude  oil  shipments 
to  the  United  States  and  other  industrialized  western 
nations.  The  immediate  and  lasting  effact  from  this 
embargo  has  been  formally  recognized  as  the  beginning  of 
the  "energy  crisis". 

Even  though  the  embargo  was  shortlived,  it  did  have 
far  reaching  consequences,  namely*  (a)  the  rapid  escala¬ 
tion  of  fuel  prices  and  (b)  the  beginning  of  a  nationwide 
awareness  that  fuel  supplies  are  uncertain  and  subject  to 
instant  interruptions.  In  spite  of  these  warnings,  our 
foreign  oil  dependency  climbed  to  46  percent  in  1977,  but 
has  since  leveled  off  at  28  percent  (6*15).  However ,  the 
nation's  energy  demand  growth  continues  to  climb.  Exxon 
Corporation  estimates  our  energy  demand  growth  will  average 
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Figure  1.  DoD  and  Air  Fore*  Energy  Coneueption  C33 

1.1  percent  during  the  1900 's  and  rise  to  1.6  percent 
between  1990  and  2000  <10i24>. 

In  order  -For  this  nation  to  continue  as  a  world 
leader,  our  energy  coneueption  oust  be  curtailed  to  prevent 
the  depletion  of  our  critical  energy  resources.  The  total 
U.8.  energy  coneueption  in  1903  was  con mused  by  three 
sec tor si  1)  residential  and  coaeerclal  (36.4%),  2)  indust¬ 
rial  (36.6%),  and  3)  transportation  (26.9%)  <6i21>.  The 
federal  governeent  accounts  for  approx i eatel y  3  percent  of 
the  total  U.8.  energy  coneueption  (1).  Furthermore,  the 
Department  of  Defense  (DoD)  uses  approx i eatel y  82  percent 
of  the  total  federal  energy.  As  shown  in  Figure  1,  the  Air 
Force  accounts  for  39  percent  of  the  energy  consumed  by 
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the  Department  of  Defen 


Air  Force  Energy  Requirements 

The  basic  philosophy  of  the  United  States  Air  Force  is 
to  maintain  a  strong  and  modern  deterrence  through  the  pro¬ 
jection  of  air power  which  must  be  flexible  enough  to  per¬ 
form  its  mission  anywhere  in  the  world  in  support  of  our 
national  objectives  <13i 19-20).  To  accomplish  this 
mission,  the  Air  Force  requires  a  vast  amount  of  energy 
derived  from  petroleum,  coal ,  natural  gas,  and  other 
sources.  The  Air  Force's  energy  demand  is  distributed 
among  aircraft,  vehicle,  and  installation  operations  as 
shown  in  Figure  1.  The  energy  intensive  nature  of  the  Air 
Force  mission  relies  strongly  on  the  availability  of 
energy.  Without  this  energy,  the  Air  Force  would  be 
sever ly  handicapped  in  carrying  out  its  mission.  Since  the 
OPEC  oil  embargo,  the  world's  energy  supply  can  no  longer 
be  taken  for  granted. 

Dmspite  decreasing  its  overall  energy  consumption  6.1 
percent  since  1973,  the  Air  Force's  energy  cost  increased 
by  mare  than  200  percent  <3i4-5).  The  Air  Force  spent  *3.6 
billion  for  energy  in  FY1903.  That  represented  7.5  percent 
of  the  Air  Farce's  *73.2  billion  budget  (Si 321). 

The  concern  for  energy  conservation  has  never  been 
greater.  A  simple  and  often  suggested  approach  is  to 
reduce  aircraft  operation  costs.  However,  it  would  be 
extremely  difficult  to  decrease  aircraft  operations 


substantially  and  still  Maintain  an  accaptabla  laval  of 
datarranca.  Zn  light  of  this,  tha  fadaral  govarnaant  has 


placad  a  aajor  aaphasis  on  raducing  facility  anargy  costs. 

Facility  Enargy  Consarvation  Goals 

Tha  Prasidant  and  tha  Uni tad  8tatas  Congrass  realized, 
in  tha  aid- 1970 *s,  that  a  reduction  in  enargy  consuaption 
would  retard  increasing  snargy  costs  and  enhance  our 
national  defense  by  raducing  our  foreign  oil  dependency. 

As  a  result.  President  Carter  an  20  July  1977  issued 
Executive  Order  12H3  requiring  all  fadaral  agencies  to 
taka  iaaadiata  and  long-tara  actions  to  raduce  tha  fadaral 
anargy  daaand  ( 16) . 

In  coaplianca  with  Executive  Order  12003,  tha  National 
Enargy  Conservation  Policy  Act  (Public  Lax  99-619),  and 
Defense  Enargy  Prograa  Policy  Manor an dues  70-2  and  00-6, 
tha  Air  Force  established  specific  goals  to  reduce  facility 
anargy  consuaptions  at  its  aora  than  3000  install at ions 
around  tha  world.  These  facility  anargy  goals  are  <3*52- 
93)i 

1.  To  reduce  energy  usage  in  existing  buildings  20  X 
par  square  foot  of  floor  area  by  FY09,  29  porcant  by 
FY90,  30  percent  by  FY99,  and  39  percent  by  FY2000. 

The  baseline  is  FY79  consuaption  at  .3192  MBTU/SF 

(3a 30). 

2.  To  achieve  a  49  percent  reduction  in  average 
annual  energy  for  all  new  buildings  that  had  not 
progressed  beyond  the  39  percent  design  stage  as  of 
1  Mar  1979. 

3.  To  raduce  anargy  usage  in  Military  faaily  housing 
301  percent  per  square  foot  of  floor  area  by  FY90  as 
coapared  to  the  FY79  baseline. 
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Energy  Conservation  Strategies 

Tho  Air  Forco  established  general  strategies  aimed  at 
achieving  its  facility  energy  con ear vat ion  and  efficiency 
goals.  For  existing  buildings,  the  mandated  FY85  goals  are 
to  be  achieved  through  the  following  strategies  (12t7-6>a 

1.  A  reduction  of  at  least  12  percent  through  the 
Energy  Conservation  Investment  Program  (ECZP).  ECIP 
projects  are  funded  through  the  Military  Construction 
Program  (HCP)  and  consists  of  energy  monitoring  control 
systems  (EMC8)  and  building  retrofit  projects. 

2.  Obtain  the  additional  eight  percent  reduction 
through  HAJCOM  directed  programs  and  initiatives,  e.g. 
increased  administrative  measures,  improved  energy 
management,  more  efficient  operation  and  maintenance  of 
mechanical  roams,  and  funding  of  small-scale  energy 
conservation  projects. 

The  general  strategy  far  new  buildings  is  to  ensure  the 
design  incorporates  state-of-the-art  energy  concepts. 

Program  Results 

Eight  years  have  passed  since  the  birth  of  the  Air 
Force  Energy  Plan.  The  first  milestones  of  the  long-range 
goals  are  soon  to  be  tested.  The  Air  Force  achieved  a  14.1 
percent  reduction  in  energy  consumption  during  FY84.  This 
is  a  decline  from  1S.3  percent  obtained  in  FY83  (21).  The 
interim  goal  of  18  percent  for  FY84  was  not  achieved  as 
indicated  in  Table  1.  Only  the  Alaskan  Air  Command,  the 
Tactical  Air  Command,  and  the  Air  National  Suard  achieved 
this  goal. 

With  the  FY85  goal  less  than  a  year  away.  Secretary  of 


Defense  Caspar  Weinberger  has  expressed  his  concern  that 
the  Air  Farce  and  DoD  may  not  meet  the  goal.  In  a  23  April 


TABLE  I 


RESULTS 

OF  FY84 

FACILITY 

ENER8Y 

CONSERVATION 

C163 

MAJCOM 

FY83 

BOAL  ACTUAL 

FY84 

0OAL  ACTUAL 

FY8S 

BOAL 

AAC 

16.8 

14.1 

18.  S 

18.5 

28.8 

AFLC 

16.8 

17.8 

21.8 

16.8 

27.8 

AFRES 

16.8 

38.8 

22.8 

17.9 

2S.8 

AF8C 

16.8 

18.9 

28.  S 

13.8 

23.8 

AN8 

IS.  8 

14.6 

28.8 

19.  S 

21.5 

ATC 

IS.  8 

11.5 

17.8 

14.8 

26. S 

AU 

IS.  a 

18.1 

13. S 

9.1 

21.5 

MAC 

IS.  3 

14.4 

17.5 

13.1 

19. S 

PACAF 

IS. 8 

11. S 

13.  S 

8.4 

17.8 

SAC 

16.8 

13.3 

11.8 

11.4 

28.8 

8PACECHD 

16.8 

8.6 

16.8 

13.  S 

28.8 

TAC 

IS.  8 

IS. 8 

17.5 

18.8 

28.8 

USAFA 

16.8 

12.4 

12.8 

7.9 

28.8 

U8AFE 

16.8 

IS.  6 

16.8 

12.4 

19.8 

TOTAL 

16.8 

IS.  3 

18.8 

14.1 

28.8 

aaaorandua  to  tha 

Secret ar 

y  of  tha  Air  Force, 

Sacra- 

tary  Weinberger  stated 

coaparlaan  of  our  rasults  against  this  fiscal  yaar  goal 
Mill  ba  tha  first  aajor  indicator  of  our  dadi cation  to 
officiant  anargy  aanagoaont.  1  aa  coaaittad  to  its 
attainaant  bacausa  this  Mill  daaonstrata  tha  Depart- 
aant's  officiant  usa  of  liaitad  rasourcas  in  achiaving 
our  Mission  abjoctivas.  Failura  to  attain  tha  goal 
Mill  ba  vioMad  in  Congross  and  by  tha  public  as  a  lack 
of  concarn  for  prudent  aanagoaont  C213. 

Although  tha  Air  Force  has  reduced  energy  usage  far  its 

facility  operations  14.1  porcant  froa  FY7S  to  FY84,  it  is 

bacoaing  apparent  tha  FY8S  goals  Mill  not  ba  achieved. 

Thera  exists  no  clear  explanation  as  to  Mhy  soaa  Air  Force 


installations  are  successful  in  energy  conservation  Mhile 
others  are  not.  Energy  consuaption  aodels  have  indicated 
that  anargy  consuaption  depends  on  several  variables,  both 


control  labia  and  uncontrollable.  Nevertheless,  the  -factors 
af-f acting  energy  conearvation  go  beyond  the  factors  affect¬ 
ing  c on sump t ion.  A  better  understanding  of  energy  conser¬ 
vation  aay  provide  an  insight  as  to  shy  sons  bases  are 
successful  in  energy  conservation. 

Related  Research 

Facility  energy  conservation  is  Measured  as  a  percent 
reduction  in  MBTU/8F  coopered  to  the  FY1973  baseline. 
Various  studies  have  developed  aathenatical  Models  to  fore¬ 
cast  energy  consuaption.  An  understanding  of  the  variables 
affecting  energy  consuaption  can  provide  an  insight  into 
the  conditions  affecting  energy  conservation. 

John  E.  Tinsley,  in  a  1981  AFXT  thesis,  developed  a 
aodel  to  forecast  coal,  oil,  and  natural  gas  consuaption  at 
Air  Force  installations.  Using  Multiple  linear  regression 
analysis,  he  identified  four  independent  variables  which 
appeared  to  be  influential  in  forecasting  heating  energy 
consuaption i  facility  square  footage,  base  population, 
heating  degree  days,  and  cooling  degree  days.  Based  on 
significance  testing,  heating  degree  days  was  deter Mined  to 
be  the  aost  powerful  explanatory  variable  within  the  Model. 
The  other  variables  were  significant  only  for  certain  bases 
(24). 

Another  AFXT  thesis  (LS8R  1-80) ,  written  by  Charles 
Hatch  and  Captain  Robert  Mansfield,  presented  an  initial 
investigation  into  energy  self-sufficiency  for  the  Air 


Fares  Logistics  Co— nd.  Zn  addressing  this  issue,  thsy 
dsvslopsd  a  aodal  to  forecast  total  energy  dseand  far  AFLC 
bases.  Five  independent  variables  were  analyzed  to  deter- 
eine  their  relationship  to  snargy  consumptions  square 
footage  of  floor  space,  capital  investeants,  heating  degree 
days,  cooling  degree  days,  and  aaneonths.  A  multiple 
regression  analysis  deterainad  that  only  heating  and 
cooling  degree  days  Mere  significantly  related  to  energy 
consumption.  The  remaining  three  variables  insignificantly 
contributed  to  energy  consumption  (19). 

The  Logistics  Management  Institute  (LMI),  a  consultant 
to  the  Secretary  to  the  Defense,  has  conducted  several 
studies  partaining  to  energy  consumption  at  U.8.  Army 
installations.  They  have  proposed  teo  methods  far  analy¬ 
zing  energy  consumption!  energy  intensity  ratios  (the 
ratio  of  energy  consumption  costs  to  total  costs)  and 
regression  models  that  relate  energy  usage  to  the  principal 
activities  associated  with  energy.  Difficulties  in  par¬ 
titioning  costs  and  determining  disaggregate  cost  deflators 
make  the  use  of  energy  intensity  ratios  infeasible  at 
organizations  lower  than  the  Military  departments  (14). 

LMI  considers  energy  estimating  relationships 
(regression  models)  as  promising,  highly  effective  tools 
for  analyzing  energy  consumption  at  all  operational  levels. 
At  a  .05  level  of  significance,  their  study  resulted  in 
building  area,  population  served,  and  heating  degree  days 
as  the  primary  predictors  explaining  approximately  85 


percent  of  the  total  energy  con  aimed 


Ln 
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Research  Objectives 

The  objectives  of  this  research  arei 

1.  To  hypothesize  various  relationships  between  a 
base's  energy  conservation  progress  and  selected  indepen¬ 
dent  variables. 

2.  To  identify  the  eost  significant  variables  that 
affect  the  success  of  a  base's  energy  conservation  efforts 
using  statistical  procedures. 

3.  To  deter Mine  whether  the  current  Method  to  Measure 
facility  energy  conservation  provides  a  true  indication  of 
a  bases 's  success  in  conserving  energy. 


Research  Questions 

1.  Can  a  statistically  significant  relationship  be 
hypothesized  between  energy  conservation  and  selected 
independent  variables? 

2.  Which  independent  variables  substantially  contri¬ 
bute  to  the  explained  variation  in  energy  conservation? 

3.  Does  the  present  Method  used  to  Measure  facility 
energy  conservation  provide  a  realistic  indication  of  a 
base's  success  in  conserving  energy? 


XX.  Methodology 


The  primary  -focus  of  this  research  effort  is  to  deter- 
eine  the  variables  having  a  significant  effect  on  facility 
energy  conservation  at  Air  Force  installations.  The  under — 
lying  objective  is  to  deteraine  why  soee  installations  are 
successful  in  energy  conservation  and  others  are  not.  The 
Methodology  involved  collecting  data  f roe  a  saaple  of  the 
real  world  in  order  to  aaka  statistically  significant 
observations  about  the  population. 

The  approach  taken  in  this  analysis  involves  four  basic 
steps.  First,  the  foundation  of  this  report  is  built  on 
the  concept  that  energy  conservation  is  a  function  of  many 
other  variables! 

EC  -  f (XI,  X2,  X3,  ...  Xn) 

Xn  other  words,  energy  conservation  is  dependent  on 
numerous  independent  variables.  Regression  techniques  will 
be  used  to  evaluate  the  relationship  between  the  dependent 
and  independent  variables. 

The  second  and  third  steps  derive  froa  two  basic  ques¬ 
tions  stemming  from  any  regression  analysis!  A)  What  is 
the  most  appropriate  mathematical  model  to  use?  In  other 
words,  is  the  relationship  linear,  parabolic,  logarithlmic, 
or  what?  B)  Given  a  specific  relationship,  what  do  we 
mean  by  and  how  do  we  determine  the  best  fitting  model  for 
the  data?  For  this  study,  a  linear  relationship  is  hypoth- 
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Mixed  between  energy  conservation  and  several  independent 
variablM.  The  aodel  takw  the  fare  of  i 

EC  ■  Bo  +  B1  ♦  B2  ♦  ...  +  Bn 

The  least  squares  eethod  is  an  analytical  approach  for 
finding  the  bMt-fitting  straight  line  through  a  set  of 
data.  This  eethod  einieixM  the  sue  of  squarM  of  the 
lengths  of  the  vertical -line  segeents  drawn  froe  the 
observed  data  paints  to  the  fitted  line. 

The  final  step  is  to  tMt  the  linear  hypothMis  and 
deter ei ne  the  explanatory  power  of  the  aodel .  It  is  iapor- 
tant  to  be  cautious  about  the  results  obtained  free  a 
regression  analysis.  A  strong  relationship  found  between 
two  variablM  does  not  necMsarily  prove  or  even  ieply  that 
the  independent  variablM  are  causes  of  the  dependent  vari¬ 
able.  Although  causality  cannot  be  inferred  froe  a  regres¬ 
sion  analysis,  a  eeaningful  interpretation  of  the  relation¬ 
ships  between  variablM  can  be  described  in  a  statistical 


It  is  through  statistical  techni ques,  such  as  confi¬ 
dence  intervals  and  tMts  of  hypotheses,  that  the 
researcher  can  infer  the  extent  to  which  changM  in  the 
independent  variablM  are  related  to  changM  in  the 
dependent  variable.  Statistical  stateeents  based  on 
regression  analysM  need  to  be  distinguished  froe  deterei- 
nistic  stateeents.  Statistical  stateeents  allow  for  the 
pMSibility  of  error  in  the  description  of  a  relationship. 
Such  stateeents,  through  the  um  of  probability  and 
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statistical  theory,  taka  into  account  ths  irrsgularitiss  of 


ths  rsal  world  and  ths  problsss  assoc i at sd  with  asasuraaant 
errors. 

This  chaptsr  ds-finss  ths  population,  saapla,  and  ths 
hypothssizsd  indap andant  variablas  influencing  anergy 
consarvat i on .  In  addition,  tha  aathodology  usad  to  addrass 
aach  rasaarch  quastion  is  prasantad  in  nuch  graatar  datail. 


Population 


Tha  population  was  defined  as  all  Air  Fores  installa¬ 


tions  prasantly  on  activa  status.  All  basas,  air  stations. 
Air  National  0uard  and  Air  Reserve  stations  ara  includad  in 


tha  population  sinca  thay  ara  sub j act  to  tha  raquiraaants 


of  tha  Air  Fores  Enargy  Consarvat ion  Prograa. 


Ragrassion  analyists  racoawand  that  tha  nuabar  of 
obsarvations  ba  20  tiaas  tha  nuabar  of  indap andant  varia¬ 
blas  (llt91).  In  this  casa,  15  indap andant  variablas  ara 
baing  considered  thus  requiring  a  ainiaua  of  300  observa¬ 
tions.  Tha  selected  saapla  consisted  of  77  basas  analyzed 
through  tha  years  I960  -  1984,  resulting  in  385  total 
obervations.  This  saapla  represents  aajor,  active-duty 
basas  froa  tha  six  aajor  air  coaaands.  These  basas  ware 
selected  as  historical  energy  data  was  available  and  an 
activa  enargy  conservation  prograa  had  been  initiated. 
Overseas  basas,  saall  CONUS  basas,  and  Air  Reserve/Guard 
stations  ware  not  consi dared  because  thair  anergy 


TABLE  2 


SAMPLE  SELECTION 


Bass  Cow  and 

Cliaatic 

Zona 

Mi ssi on 

•Ranking 

KI  Sawysr  SAC 

1 

1 

41 

Vandanburg 

4 

6 

44 

Fairchild 

1 

1 

62 

Brand-forks 

1 

1 

42 

Loring 

1 

1 

64 

Minot 

1 

1 

IS 

Wurtsaith 

1 

1 

34 

Offutt 

2 

1 

69 

Barksdala 

6 

1 

72 

FE  Warran 

1 

1 

8 

Plattaburgh 

1 

1 

70 

Sriffisa 

1 

1 

36 

HcConnall 

3 

1 

48 

Paaaa 

1 

1 

12 

Nhitaaan 

3 

1 

22 

Malastroa 

1 

1 

1 

Blythavilla 

4 

1 

73 

Brissoa 

2 

1 

77 

Dyaas 

7 

1 

38 

March 

4 

1 

71 

Caatla 

4 

1 

68 

Baal  a 

4 

1 

2 

Carswall 

7 

1 

34 

Ellsworth 

1 

1 

76 

Lang lay  TAC 

4 

2 

48 

Holloaan 

4 

2 

10 

Shaw 

7 

2 

13 

England 

6 

2 

33 

Myrtla  Baach 

4 

2 

30 

Sayaour  Johnson 

4 

2 

60 

Saorga 

4 

2 

28 

MacOill 

6 

2 

3 

Hoaastaad 

6 

2 

11 

Moody 

6 

2 

49 

Nall is 

7 

2 

S3 

Cannon 

3 

2 

43 

Bargstroa 

6 

2 

19 

Davis  Mon than 

7 

2 

3 

Luka 

7 

2 

14 

Mt  Hoaa 

2 

2 

61 

Tyndal 1 

6 

1 

67 

Scott  MAC 

3 

3 

63 

Charlaston 

7 

3 

43 

Altus 

4 

3 

31 

14 
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Tab la  2 


Conti nuad 


Cliaatic 


No. 

Basa 

Coaaand 

Zone 

Mission 

•Ranking 

49 

An draws 

TAC 

3 

3 

29 

46 

Travis 

4 

3 

37 

47 

Norton 

4 

3 

47 

48 

Littla  Rock 

7 

3 

38 

49 

Kirtland 

3 

3 

17 

98 

Me  Chord 

3 

3 

28 

91 

McGuire 

3 

3 

66 

92 

Papa 

4 

3 

19 

93 

DovaMr 

3 

3 

32 

94 

Hill 

AFLC 

1 

4 

9 

99 

Tinker 

4 

4 

26 

96 

McClellan 

4 

4 

21 

97 

Kelly 

6 

4 

7 

98 

Rabins 

7 

4 

4 

99 

Nr i ght-Patter 

son 

2 

4 

36 

68 

Brooks 

AFSC 

6 

4 

6 

61 

Edwards 

4 

6 

74 

62 

Eglin 

6 

6 

69 

63 

Patrick 

6 

7 

39 

64 

Hanscoa 

2 

6 

73 

69 

Keesler 

ATC 

6 

9 

24 

66 

Lackland 

6 

9 

39 

67 

Lowry 

2 

9 

38 

68 

Chanute 

2 

3 

97 

69 

Sheppard 

4 

9 

16 

78 

Coluabus 

7 

9 

29 

71 

Vance 

4 

9 

27 

72 

Milliaas 

7 

9 

31 

73 

Reese 

4 

9 

33 

74 

Mather 

4 

9 

23 

79 

Maxwell 

7 

9 

46 

76 

Randolph 

6 

3 

92 

77 

Laughlin 

6 

9 

39 

*  Tha  77  basas  Mara 

»  ranked  based  on  their  percent 

raduction  in  anargy 

consuaption 

for  FY84  coapared 

to  the 

FY73  baaalina.  Tha  ranking  is 

-froa  best 

(1)  to  worst  (77). 

smastmssm  ms.  s.^se.  aamscsi 


consumption  is  affected  by  numerous  uncontrolled  -factors. 

In  addition,  ECIP  and  EMCS  -funds  ware  not  made  avialable  to 
these  stations  until  1981.  Table  2  lists  the  77  bases 
considered  in  this  analysis.  The  database  is  shown  in 
Appendix  A. 

Data  Description  and  Validity 

After  reviewing  several  energy  consumption  models  and 
testing  the  author's  own  speculations,  IS  independent  vari¬ 
ables  (IV)  were  selected  as  possible  factors  affecting 
energy  conservation.  Data  was  collected  from  several 
sources  to  best  represent  these  variables.  It  was  infeas¬ 
ible  to  check  the  accuracy  of  this  data  with  any  other 
source.  However,  since  the  data  were  utilized  for  reports 
submitted  to  the  Air  Staff  and  ultimately  to  DoD,  it  is 
subjected  to  great  scrutiny.  Any  questionable  data  submit¬ 
ted  by  the  bases  are  reviewed  by  the  major  air  commands 
prior  to  forwarding  to  Air  Staff.  For  these  reasons,  it 
was  believed  the  data  were  accurate  and  reliable  for 
purposes  of  this  analysis. 

Table  3  lists  the  candidate  variables  selected  for  the 
development  of  the  regression  model.  The  fallowing  discus¬ 
sion  presents  each  variable  and  its  data  source. 

Energy  Conservation  (Dependent  Variable) .  The  energy 
conservation  variable  represents  the  percent  difference  in 
energy  consumption  (MBTU/SF)  between  the  current  year  and 


the  FY73  baselines 


TABLE  3 


Sal act ad 

Indapendent  Variables 

Dapandant 

Energy  Consarvation 

Variable 

(X  reduction  in  MBTU/SF) 

Major  Coaaand 

Cliaatic  Zona 

Base  Mission 

Cooling  Dagraa  Days 

Heating  Dagraa  Days 

Candidate 

Bass  Population 

Independent 

Costs  of  Coaplatad  ECIP  Projects 

Variables 

Costs  of  Coaplatad  EMCS  Projects 
Facility  Square  Footage 

Cooling  Dagraa  Day  Change 

Heating  Dagraa  Day  Change 

Base  Population  Change 

Facility  8F  Change 

Baaallna  CDD  Change 

Baaallna  HDD  Change 

EC  -  FV73  -  CV  *  100 

FY73 

CY  -  Currant  Year,  FY80-B4 

Far  mupla,  the  baseline  consuaption  for  Lang  lay  AFB  was 

.3633  MBTU/SF |  whereas,  tha  PY82  consuaption  was  .3070 

MBTU/SF.  Using  tha  actuation  above,  thair  anargy 

consarvation  for  FY82  is 

EC  -  (.3635  -  .3070)  *  100  -  18.4  X 
.3633 

Tha  graatar  tha  value,  tha  graatar  tha  succass  in  anargy 
consarvation.  A  BTU,  or  British  Tharaal  Unit,  is  tha 
amount  of  anargy  required  to  raisa  tha  taaparatura  of  ona 
pound  of  watar  ona  dagraa  Fahranhait .  MBTU  is  ona  ail lion 
BTU  (8) . 
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Independent  Duggy  Variables 

Cnggand.  Each  base  falls  under  tt\m  control  and 
authority  of  a  major  air  command.  Thm  six  major  air 
commands  ara  idsntifiad  asi 

1  Strategic  Air  Command 

2  Tactical  Air  Command 

3  Military  Airlift  Command 

4  Air  Fores  Logistics  Command 

5  Air  Fores  Systems  Command 

6  Air  Training  Command 

geographical  Climatic  Zone.  This  variable  represents 
the  climatic  zone  a  base  is  classified  under.  The  United 
States  is  divided  into  seven  zones  based  on  cooling  and 
heating  degree  days  as  shown  in  Figure  2. 

Base  Mission.  This  variable  represents  the  mission  of 
a  base  as  identified  by  the  DoD's  Installation  and 
Programming  Catmgoryi 

1  Strategic 

2  General  Purpose 

3  Airlift  Farces 

4  Central  8upply  and  Maintenance 

3  Training,  Medical  and  Other  Personnel 

6  Research  and  Development 

Independent  Variables 

Cooling  Degree  Days.  The  cooling  degree  days  (CDD) 
for  one  day  is  the  the  number  of  degrees  Fahrenheit  the 
average  daily  tamper ature  is  above  43  degrees  for  that  day 
(7).  This  variable  represents  the  annual  CDD's  for  each 

base. 

Heating  Degree  Days.  The  heating  degree  days  <HDD> 
for  one  day  is  the  number  of  degrees  Fahrenheit  the  average 
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daily  tupyituri  is  bsloM  65  dsgrsss  for  that  day  (7). 

This  variable  rsprasants  ths  annual  HDD's  -for  sach  bass. 

Bass  Population.  Ths  papulation  on  an  individual  bass 
includss  all  silitary  and  civilian  ssploysss,  housing 
occupants,  contractor  osploysss,  and  non-appr opri atsd  fund 
ssploysas. 

Costs  of  Cosplstsd  ECIP  Projscts.  Ths  Ensrgy  Conssf — 
vat ion  Znvsstssnt  Progras  (ECIP)  Mas  launchsd  in  1976  to 
rstrofit  ax i sting  buildings  Mith  snar gy-savi ng  dsvicss  that 
Mould  pay  for  thssssl vss  in  loss  than  IB  ysars.  ECIP  pro¬ 
jscts  ars  to  account  for  12  psrcsnt  of  a  bass's  snsrgy 
conssrvation  sf forts.  Howsvsr ,  ths  allocation  of  ECIP 
sonsy  asong  Air  Fores  basss  has  not  boon  svonly  distribu- 
tsd.  This  variabls  rsprsssnts  ths  cuaulativs  dollar  asount 
of  cosplstsd  ECIP  projscts.  A  six  sonth  tiss  lag  Mas  usad 
to  cospsnsats  for  ths  psriod  bsfors  a  building  bsgins  to 
rsap  ths  snsrgy  savings.  Ths  tiss  psriods  for  ths  fivs 
ysars  undsr  analysis  ars  indicatsd  bsloss 

Ysar  Cusulati vs  Up  To 

FY80  Mar  1980 

FY81  Mar  1981 

FY82  Mar  1982 

FY83  Mar  1983 

FY84  Mar  1984 

Costs  of  Cosplstsd  EHCS  Projscts.  Ensrgy  Monitoring 
and  Control  Systsss  (EMC8)  ars  cosputsr-bassd  survsil lanes 
systsss  that  sonitor  intsrior  and  sxtsrior  snvi r onssntal 


conditions  and  autosatically  controls  building  opsrations 
to  snsurs  all  systsss  opsrats  at  psak  sfficisncy  (3i56). 


The  Air  Fore*  hopes  to  install  EHCS  systaws  at  each  bass, 
whan  cost-effective,  by  FY20BB.  However,  at  this  tiae  only 
selected  bases  have  operational  systeas.  The  saae  tiee  lag 
eentioned  above  was  used  to  adjust  for  the  period  before  a 
systee  provides  energy  savings. 

Facility  Square  Footage.  This  is  the  total  area  of 
all  existing  snergized  base  facilities.  These  values 
include  eilitary  faeily  housing  and  base  facilities  during 
the  years  1975  and  1984. 

Cooling  Degree  Day  Change.  This  variable  was  devel¬ 
oped  to  Measure  the  severity  of  the  cooling  season  for  each 
year  coepared  to  the  FY75  baselines 

RCDD  -  CDD  <CY>  -  CDD  (FY75) 
where  CY  «  current  year,  FY80  through  FY84 

For  exaeple,  the  FY82  CDD  far  Langley  AFB  was  1926|  whereas 
the  FY75  CDD  was  1577.  The  change  in  CDD  is  coeputed  asi 

RCDD  -  1926  -  1577  -  349 

A  positive  value  indicates  the  currant  year  was  wore  severe 
than  the  baseline  cooling  season.  Likewise,  a  negative 
value  indicates  the  currant  year  was  less  severe  than  tha 
baseline.  A  eora  severe  cooling  season  should  genarate  a 
greater  energy  deeand  for  coefort  cooling  resulting  in  a 
decrease  in  energy  conservation. 

Heating  Degree  Day  Change.  This  variable  was  devel¬ 
oped  to  weasure  the  severity  of  the  heating  season  for  each 
year  coepared  to  the  FY75  baselinei 


RHDD  -  HDD  (CY)  -  HDD  (FY75) 


A  positive  value  indicates  the  current  year  Mas 


than  the  baseline  and  vise  versa  far  a  negative  value.  A 
base  experiencing  a  heating  season  sore  severe  than  the 
baseline  can  be  expected  to  cansuae  aare  energy  than  it  did 
in  FY73. 

Base  Population  Change.  This  variable  Mas  developed 
to  aeasure  the  increase  or  decrease  in  base  population  as 
coapared  to  the  baselinei 

RPOP  -  Population  <CY>  -  Papulation  (FY7S) 

A  positive  value  indicates  an  increase  in  base  population^ 
Mhereas,  a  negative  value  indicates  a  decrease.  A  drastic 
change  in  papulation  is  ax pact ad  to  have  an  i op act  an  a 
base's  energy  cansueptian  rate  and  ultieately,  their  energy 
conservation. 

Facility  Square  Footage  Change.  This  variable  Mas 
developed  to  Measure  the  effect  of  changes  in  facility  area 
an  energy  conservations 

RSF  -  Facility  BF  <FY84>  -  Facility  SF  (FY7S) 

The  FY83  energy  conservation  goal  is  to  reduce  energy  can- 
sueptian  by  20  percent  far  existing  facilities  as  coapared 
to  the  FY73  cansueptian  rate.  Existing  facilities  are 
defined  as  all  existing  buildings  and  projects  that  mots 
beyond  the  33  percent  design  stage  as  of  1  Mar  1979.  This 
variable  Measures  the  square  feet  of  facilities  that  had 
progressed  beyond  the  33  percent  cutoff  date.  Therefore, 
this  tiaelag  explains  hoe  a  base  can  experience  an  increase 
in  existing  facility  square  footage  froM  FY73. 


Although  onorgy  conservation  is  asasured  on  a  MBTU/SF 


basis,  it  is  bsliovod  that  a  reduction  (or  incraaso)  in 
-facility  8F  aay  hava  a  lop  si  dad  effect  on  anargy  conserve— 
tion.  For  axaapla,  a  basa  that  has  daaoiishad  savaral 
oldar  aircraft  hangars  Mill  consuaa  lass  anargy  although 
thair  anargy  consarvation  par-foraanca  aay  dacraasa.  This 
is  possibla  as  tha  base's  squara  -foot  total  aay  dacraasa  in 
graatar  proportion  than  tha  dacraasa  in  MBTU,  thus  result- 
ing  in  a  largar  MBTU/SF  valua. 

Basal ina  CPD  Rapraaantativanasa.  This  variabla  Mas 
davalopad  to  aaasura  hoM  raprasantativa  tha  basal ina  COO  is 
coaparad  to  tha  20-yaar  avaragai 

ARCDD  -  Basal ina  CDD  -  20-Y aar  Avaraga  (COD) 
Idaally,  tha  di-f-faranca  should  bo  closa  to  zero  Mhich  Mould 
indicata  that  tha  basalina  is  a  -fair  raprasantativa  of  tha 
20-yaar  avaraga.  HoMavar ,  in  aany  casos,  a  bass  ex per i- 
ancad  a  vary  savara  (or  aild)  basalina  Mhich  can  hava  a 
significant  iapact  on  thair  anargy  consarvation  rosults. 
This  is  tha  typa  of  problaa  resulting  froa  basing  all  calc¬ 
ulations  on  a  specific  year,  such  as  FY79. 

Basalina  HDD  Representativeness.  Siailar  to  above, 
this  variabla  Measures  hew  raprasantativa  tha  basalina  HDD 
•ias  coaparad  to  tha  20-yaar  avaragai 

ARHDD  -  Basalina  HDD  -  20- Yea r  Avaraga  HDD 
Tha  underlying  logic  Mith  this  variabla  is  that  a  basa  that 
ax pari ancad  an  un seasonal  cold  Min tor  in  FY7S,  and  noraal 
Min tors  subsequently.  Mill  shoM  a  high  success  in  energy 


id  should  bs  such  lsss 


conservation  as  thsir  energy  deean 
than  it  Mas  in  FY7S.  In  other  rnords,  the  arbitrarily 
chosen  FY73  baseline  nay  have  a  significant  effect  on  the 
Air  Force's  method  of  measuring  energy  conservation. 

Data  Collection 

DEI8-II  Reports.  The  Defense  Energy  Information 
System  (DEIS)  is  the  primary  data  base  for  the  Department 
of  Defense's  energy  program.  The  DEIS  provides  management 
information  to  all  levels  of  command  to  eliminate  duplica¬ 
tion  of  efforts.  This  information  system  Mas  fully  iaple— 
enented  an  1  October  1978.  The  Defense  Energy  Information 
System  currently  consists  of  the  DEIS— I t  Bulk  Petroleum 
Product  Report |  and  the  DEIS-II,  Utility  Energy  Report 
<3i 17)  24a28). 

Each  base /Ming  Mithin  the  Air  Force  submits  a  monthly 
DEIS  report  to  their  respective  major  air  command.  The 
MAJCOM's  consolidate  the  reports  and  submit  a  monthly 
tabulation  to  the  Air  Force  Engineering  and  Services  Energy 
Group  at  Tyndall  AFB,  Florida.  Detailed  instructions  for 
preparing  and  submitting  the  DEIS  reports  are  contained  in 
DoD  Manual  9126. 46-M  and  AFEPPM  83-1  <3* 17-lS) . 

The  FY  1988-1984  annual  DEI8-II  reports  Mere  used  to 
gather  data  on  percent  energy  conservation,  cooling  degree 
days,  heating  degree  days,  28-year  Meather  data,  and 


facility  square  footage. 

Domestic  Base  Factor  Report,  FY88.  The  DoD,  Office  of 


the  Assistant  Secretary  of  Defense,  Manpower t  Rsssrvs 
Affairs  and  Logistics  publishsd  an  annual  r sport  on 
installation  data  on  sach  silitary  ssrvics.  Ths  rsport  was 
discontinued  in  1980,  however ,  ths  1988  report  still  pro¬ 
vides  relevant  data  on  all  Air  Force  installations.  The 
geographic  clieatic  zones  and  base  eissions  were  obtained 
froe  the  FY88  edition. 

HCP/HFH  ECIP  Annual  Report.  Coepiled  by  the  Energy 
Group  at  Tyndall  AFB,  the  HCP/HFH  ECIP  Annual  report 
provided  inf or eat ion  on  all  ECXP/EHCS  projects  that  were 
under  design,  under  construction,  or  put  on  hold.  The 
actual  coepletion  dates  were  used  to  deter nine  the  fiscal 
year  a  project  was  coepletsd.  Projects  were  not  considered 
108X  c oeplete  until  they  were  operational. 

Air  Force  Hagazine.  The  annual  Hay  edition  of  the  Air 
Force  eagazine  provides  updated  deeographic  data  an  all  Air 
Force  installations.  Population  figures  were  obtained  by 
coebining  the  silitary  and  civilians  totals.  It  is  recog¬ 
nized  that  these  figures  are  not  precisai  however,  they  are 
adequate  to  indicate  trends  in  papulations  which  was  the 
prieary  abjective  of  the  population  variable. 

Method  of  Analysis 

Research  Question  Nusbsr  JL.  Statistical  analyses  were 
perf orsed  on  the  selected  saeple  to  ana war  research  ques¬ 
tion  number  It  Can  a  statistically  significant  relationship 
be  hypothesized  between  energy  conservation  and  selected 


independent  variables?  The  Statistical  Package  for  the 
Social  Sciences  (SPSS)  regression  subprograes  were  used  to 
detereine  if  there  were  relationships  between  the  indepen¬ 
dent  and  dependant  variables. 

Siaple  linear  regression  is  a  procedure  for  fitting  a 
line  to  a  data  set  of  paired  variables.  The  process 
basically  relates  the  variability  of  the  two  variables. 

This  estieation  device  is  used  extensively  in  statistics  to 
test  linear  hypotheses.  Multiple  linear  regression  (MLR) 
is  an  extension  of  siaple  linear  regression  to  account  far 
the  effect  of  sore  than  one  independent  variable  (9i422- 
436) .  Multiple  regression  can  be  viewed  ast  1)  a  eeans 
of  evaluating  the  overall  contribution  of  the  independent 
variables  to  a  dependent  variable,  and  2)  as  a  eeans  of 
evaluating  the  contribution  of  a  particular  independent 
variable  with  the  influence  of  the  other  variables  control¬ 
led  (20i 332) .  In  this  study,  the  focus  was  on  the  exaeina— 
tion  of  the  relationship  between  the  dependent  variable 
(energy  conservation)  and  selected  independent  variables. 
The  ability  to  predict  energy  conservation  based  on  its 
dependence  on  independent  variables  was  not  an  objective  of 
this  study. 

The  general  fore  of  the  eodel  isi 

Y  «  B  +  B4X4  B  X  +  .  .  .  B  X 
011  22  n  n 


Y  ■  base-level  facility  energy  conservation 

Xi  *  selected  Independent  variables  (i.e.  cooling 


dagraa  days*  b«M  population) 

Bi  ■  ragrMtlon  coefficients 
n  ■  total  nuabar  of  indopandant  variablas 

Thu  fol lowing  asauaptiona  are  aada  to  alloa  statlsti- 
cal  hypothaaaa  to  ba  foraulated  and  taatadi 

1.  Tha  arror  teres,  which  arm  tha  vartical  diatancaa 
batwaan  aach  data  point  and  tha  ragraaaion  line,  arm  stati— 
atically  indopandant. 

2.  Tha  expected  avaraga  of  thaaa  arror  taraa  ia  zero 
aeaaured  with  raapact  to  tha  ragraaaion  lina. 

3.  Tha  arror  taraa  arm  independently  diatributad  about 
tha  ragraaaion  lina. 

4.  Saaple  obaervationa  auat  be  linearly  independent 
C9i 422-4293. 

A  0.BS  level  of  aignificanca  for  hypothaaia  taating 
waa  aal acted  prior  to  tha  developaent  of  tha  aodel.  Thia 
level  of  aignificanca  ia  of tan  uaad  in  atatiatical  anal yeas 
and  ia  specified  in  AFH  25—3  for  use  in  Air  Force  aanage- 
aant  engineering  policies  and  procedures  (20ii).  In  a 
statistical  sansa,  tha  level  of  significance  refers  to  tha 
probability  of  rejecting  a  null  hypothesis  based  on  saaple 
data  whan  in  fact  it  is  true.  Thia  ia  coaaonly  referred  to 
as  tha  probability  of  cooaitting  a  Type  I  error.  In  other 
words,  in  our  tasting  process  wa  arm  willing  to  eako  a  Type 
I  error  5  percent  of  tha  tiaa.  In  layeen's  tores,  a  level 
of  significance  refers  to  tha  probability  wa  will  conclude 
that  an  independent  variable  affects  energy  conservation 
when  in  fact  no  such  relationship  exists. 

Tha  first  step  in  tha  analysis  of  a  statistical  aodel 
is  to  test  tha  hypotheses  that  a  linear  relationship  does 


•Mist  between  energy  conservation  and  selected  independent 
variables.  The  hypotheses  arei 

Hoi  B  -  B„  -  B,  -  ...  -  B  -  0 
12  3  n 

Hat  At  least  one  does  not  equal  0 

The  null  hypothesis.  Ho,  states  that  all  of  the  regression 
coefficients  are  equal  to  zero  thus  a  relationship  does  not 
exist  between  energy  conservation  and  the  independent 
variables.  The  alternate  hypothesis,  Ha,  states  that  at 
least  one  of  the  variables  is  linearly  related  to  energy 
conservat i on . 

An  appropriate  method  to  test  the  linearity  hypothesis 
is  based  on  a  test  for  lack  of  fit  of  the  assumed  straight- 
line  model.  The  analysis  is  based  on  residual  variation 
calculated  from  the  linear  fit  (SSE) .  The  S8E  is  comprised 
of  two  componentsi  one  describing  the  pure  error  (variance 
in  the  data);  the  other  component  describing  the  lack  of 
fit  of  the  straight  line  <17i23).  Each  component  is 
divided  by  its  respective  degrees  of  freedom  to  obtain  the 
pure  error  mean  square  (USE)  and  the  mean  square  for  lack 
of  fit  (HSR).  The  ratio  of  these  two  mean  square  errors  is 
a  variable  which  for  hypothesis  testing  purposes  has  a 
probability  distribution  commonly  called  an  F-distribution. 
An  F-statistic  is  determined  asi 


The  SPSS  ragrMtion  subprograa  con  van  i  an  1 1  y  calculates 
tha  F  statistic  as  part  of  its  nor sal  output.  If  a  calcu- 
latad  F-valua  is  absolutaly  largar  than  tha  critical  F- 
valua  for  a  tasty  tha  null  hypothasis  is  rejected  in  favor 
of  tha  altarnativa  hypothasis.  A  rajactad  null  hypothasis 
raquiras  tha  accaptanca  of  tha  altarnativa  hypothasis, 
naaaly  at  laast  ona  Bi  doas  not  aqual  zero.  Therefore,  it 
can  ba  stated  that  ona  or  aore  of  tha  variables  is  linearly 
related  to  energy  conservation  at  a  0.05  level  of  signifi¬ 
cance. 

Question  Nuaber  2.  Continuing  with  tha  statistical 
analysis,  tha  second  research  question  can  now  ba 
addressed i 

Which  independent  variables  contribute  substantially 
to  tha  explained  variation  in  energy  conservation?  If  the 
overall  regression  eodel  is  found  to  bo  significant,  each 
regression  coefficient  will  be  tested  at  a  0.05  level  of 
significance  to  detereine  which  variables  significantly  add 
to  the  explanatory  power  of  the  eodel.  The  following 
hypotheses  are  tested  using  the  student-t  distribution! 

Hoi  Bt  -  0 

Hat  Bj  not  equal  to  0  i-  l,2,...,n 

To  reject  the  null  hypothesis  <Ho> ,  the  calculated  t-stati- 
stic  oust  be  absolutely  greater  than  the  critical  t-  stati- 


Any  regression  coefficient  proven  insignificant  will 
be  grounds  for  deletion  of  the  corresponding  variable  to 
simplify  the  model.  The  presence  of  these  variables  does 
not  significantly  improve  the  descriptive  power  of  the 
model  and  they  are  therefore  removed.  The  final  step 
involves  checking  for  col linearity  and  examining  the 
residuals  to  verify  whether  the  assumptions  about  the  error 
terms  are  correct.  Collinearity  refers  to  the  situation  in 
which  some  or  all  of  the  independent  variables  are  highly 
inter correlated  <20i340). 

Research  Question  Number  3.  The  results  obtained  from 
the  first  two  questions  will  enable  research  question 
number  three  to  be  addressed i  Does  the  present  method  used 
to  measure  facility  energy  conservation  provide  a  realistic 
indication  of  a  base's  success  in  conserving  energy?  The 
level  of  inferential  statistics  required  to  answer  this 
question  is  beyond  the  level  of  this  study.  The  results 
from  the  regression  analysis  will  be  applied  in  the  form  of 
descriptive  statistics  to  propose  modifications  to  the  Air 
Force's  existing  method  of  calculating  energy  conservation. 
The  intent  is  not  to  propose  an  ideal  method  for  determin¬ 
ing  a  base's  energy  conservation  but  rather  to  highlight 
the  weaknesses  confronting  the  current  method.  The 
variables  identified  in  questions  1  and  2  should  indicate 
the  factors  having  a  significant  influence  on  energy 
conservation.  At  this  point,  it  is  hypothesized  that  both 
controllable  and  uncontrollable  variables  affect  the 


vat ion.  It  is  i sport ant 


to  distinguish  thsss  variables  froe  ons  another  in  ordsr  to 
explain  why  boss  bases  have  successful  energy  conservation 
prograes  and  other  bases  do  not.  An  analysis  of  these 
variables  should  explain  the  deficiencies  resulting  froe 
basing  the  entire  energy  conservation  prograa  on  the 
cosparison  of  any  given  year  to  a  specific  baselinei  in 
this  case,  FY75. 

Assueptions 

1.  All  data  collected  froe  various  sources  is  accurate 
and  valid. 

2.  The  data  was  cospiled  correctly. 

3.  Multiple  linear  regression  techniques,  with  the 
underlying  assueptions,  are  appropriate  for  this  study. 

Li si tat ions 

This  prelisinary  sodel  was  not  designed  to  predict 
energy  conservation  but  rather  to  detereine  the  variables 
influencing  the  success  of  energy  conservation.  Any 
increase  or  decrease  in  the  independent  variables  will  not 
necessarily  have  a  true  linear  relationship  with  energy 
conservation.  Inferences  to  the  population  oust  be  based 
on  a  subjective  evaluation  of  the  situation.  This  study 
only  analyzed  physical  variables  that  eay  possibly  affect 
energy  conservation.  Subjective  variables  such  as  personal 
attitudes  toward  energy  conservation,  top  eanageeen 
support  and  national  socioeconoeic  factors  were  not 
considered  in  this  study. 
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III.  Data  Analyata 

Data  on  salactad  variables  wars  coll acted  and 
formulated  into  a  single  data  base.  Caution  Mas  taken  to 
ensure  the  data  format  Mas  coapatible  Mith  the  computer 
software  used  to  develop  the  regression  model.  The  entire 
data  analysis  mss  par-formed  on  computer  systems  at  the  Air 
Force  Institute  o-f  Technology,  Wright -Patter  son  AFB,  Ohio. 
The  Statistical  Package  for  the  Social  Sciences  (SPSS)  mas 
the  sole  statistical  software  used  for  this  analysis. 

This  chapter  will  present  the  results  of  the 
regression  analysis  for  energy  conservation  using  the 
entire  data  base.  The  results  of  this  analysis,  as  will  be 
shown,  were  not  very  descriptive)  thus  further  analyses 
ware  performed  on  subsets  of  the*  sample.  A  detailed 
statistical  analysis  will  be  presented  on  the  first 
regression  model.  The  other  analyses  will  not  be  as 
comprehensive  although  the  results  of  the  critical 
statistical  tests  will  be  presented. 

The  SPSS  NEW  REGRESSION  procedure  offers  numerous 
options  that  govern  the  results  of  a  multiple  regression 
model.  The  stepwise  inclusion  option  was  used  to  determine 
which  variables  were  of  significance  to  enter  the  model. 
Using  this  option,  variables  are  examined  at  each  step  for 
entry  or  removal  based  on  a  .09  level  of  significance. 

This  process  continues  until  all  significant  variables 
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are  in  the  eodel  and  all  insignificant  variablaa  have  bssn 
r  Moved. 

Ths  SPSS  prograe  produced  the  following  outputs  a 
■usury  of  observed  data,  a  sieple  correlation  eatrlx,  an 
ANOVA  table,  a  coefficient  table  with  related  t-valuas, 
residual  error  statistics,  residual  histograes,  and  select 
ed  scat ter plots.  Coeputer  output  for  each  regression  run 
is  presented  in  Appendices  B  through  D. 

As  eentioned  earlier,  data  was  collected  on  77  bases 
for  the  fiscal  years  1980  through  1984.  The  dependent  and 
independent  variables  with  their  algebraic  notation  are 
listed  belowi 

EC  “  energy  conservation 

COD  ■  cooling  degrM  days 

HOD  ■  heating  degree  days 

ECIP  -  ECIP  dollars  spent 

EHCS  -  EMCS  dollars  spent 

RCDD  ■  difference  of  COD  froe  FY7T3 

RHDD  •  difference  of  HDD  froe  FY73 

RPOP  *  difference  in  population  free  FY73 

SF  ■  facility  square  footage 

RSF  -  difference  in  8F  froe  FY7S 

ARCDD»  difference  in  CDD  froe  FY73  and  20— year  avg 

ARHDD-  difference  in  HDD  froe  FY73  and  20— year  avg 

Cl  ■  dueey  variable,  SAC 

C2  ■  dueey  variable,  TAC 

C3  -  dueey  variable,  MAC 

C4  «  dueey  variable,  AFLC 

CS  *  dueey  variable,  AFSC 

81  -  dueey  variable,  clleatic  zone  1 

62  -  dueey  variable,  clieatic  zone  2 

83  -  dueey  variable,  clieatic  zone  3 

84  -  dueey  variable,  clieatic  zone  4 

85  -  dueey  variable,  clieatic  zone  9 

86  -  dueey  variable,  clieatic  zone  6 

Ml  -  dueey  variable,  strategic  eisslon 
M2  ■  dueey  variable,  general  purpose 
M3  -  dueey  variable,  airlift  forces 
M4  -  dueey  variable,  training,  eedical 

MS  *  dueey  variable,  research  *  develop sent 


The  initial  linear  nodal  with  all  variables  in  the  equation 


% 


Ba  *  81X1  *  B2X2  *  ®3X3  *  B4X4  * 


B  X 
n  n 


where  X  ■  independent  variables  <i.e.  CDD , RPOP , 04 ) 
i 

■  regression  coefficient 


Statistical  analyses  of  the  regression  nodal  will  deternine 
which  of  the  27  variables  have  a  significant  effect  on 
energy  conservation.  A  prel ini nary  review  of  the  data 
indicated  a  near  perfect  correlation  between  a  base's 
conn and  and  its  nission.  Therefore,  the  nission  variable 
was  deleted  fron  the  analysis  to  prevent  any  nisleading 
results  fron  occuring. 

Analysis  of  the  Initial  Regression  Model 

Using  the  SPSS  stepwise  inclusion  option  and  a  .09 
level  of  significance  for  entry  into  the  equation,  the 
regression  run  resulted  in  only  9  of  the  27  variables 
regaining.  Tables  4  and  9  show  the  results.  Table  9 
sieply  presents  the  nean  and  standard  deviation  of  each 
variable. 

The  correlation  natrix  is  presented  in  Table  4.  This 
natrix  shows  the  relation  between  variables  on  a  one-to-one 
basis.  The  sign  of  the  coefficient  reveals  the  direction 
of  the  relationship.  A  positive  value  indicates  a  tendency 
for  both  variables  to  increase  or  decrease  together.  A 
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TABLE  S 


OBSERVED  DATA 


Variable 

Mean 

8td.  Deviation 

EC 

18.82 

8.26 

CDD 

1748.61 

1829.83 

ECXP 

1438.33 

1687.32 

EMCS 

213.68 

483.69 

SF 

3482.16 

2788.39 

RSF 

234.31 

683.19 

ARCDD 

-72. 18 

317.98 

ARHDD 

-4.36 

293.33 

C2 

8.22 

0.42 

82 

0.89 

0.29 

Mhich  change  In  one  variable  is  related  to  change  in  the 
other.  Table  4  shows  that  the  variable  RSF  is  the  eost 
doeinant  variable  affecting  energy  conservation  with  a 
positive  correlation  of  0.26S. 

The  correlation  eatrlx  also  provides  inf or eat ion  on 
the  .correlation  between  pairs  of  independent  variables. 

For  exaeple,  the  correlation  between  facility  square  foot¬ 
age  (SF)  and  EMCS  is  8.372.  On  the  other  hand,  the  corre¬ 
lation  between  cooling  degree  day  (CDD)  and  EMCS  is  seall 
at  8.821.  A  coefficient  above  8.8  between  independent 
variables  often  suggests  that  col linearity  eay  exist.  The 
largest  correlation  (8. 323)  occurs  between  SF  and  ECXP 
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which  indicates  that  collinaarity  is  not  a  problaa. 

totfficignt  of  Potoroi nation.  Tho  coefficient  of 
dstarai nation,  R-squara  <R~2) ,  danotos  tha  axplanatory 
po war  of  tha  ragrassion  nodal.  It  indicatas  tha  proportion 
of  variation  in  an orgy  consarvation  "explained"  by  tha 
indapandont  variablas.  Fran  tha  Sunaary  tab la  in  Appandix 
B, 

R^2  ■  Explained  Variation  «  8.2906 
Total  Variation 

Thor  of  or a,  29.86  parcant  of  tha  variation  in  onargy  consar¬ 
vation  is  axplainad  by  tha  9  indapandont  variablas  shown  in 
Tablo  4.  Tha  unoxplainad  variation  lsi 

Unaxplainad  Variation  -  1  -  R~2  -  1-  .2988  -  .7492 
R**2  can  ba  artificially  incraasod  by  "farcing*  othar  inde- 
pandant  variablas  into  tho  nodal  avan  though  thoir  rola— 
tionship  with  onargy  consarvation  aay  ba  quastionabla. 

This  was  pravantad  by  tha  stopwiso  inclusion  option  sot  at 
a  -  8.09. 

Tha  variablas  that  did  not  ontor  tha  actuation  wora 
dalatad  froa  further  analysis.  Although  thasa  variablas 
wars  hypothasizad  as  having  an  offset  on  onargy  conserva¬ 
tion,  they  wars  provan  statistically  insignificant  in  thalr 
present  fora.  Data  transforeation  or  expressing  thasa 
variablas  in  a  different  aannar  could  possibly  incraasa 
their  axplanatory  power  on  energy  conservation  but  this  was 


not  attaaptod  in  this  study 


Lin— rity.  Ths  first  stop  in  ths  analysis  of  a 
rsgrsssion  sodsl  is  to  tsst  ths  1 insari ty  hypothssis.  As 
pointsd  out  aarliar,  ths  usual  stratagy  rsgarding  rsgrss¬ 
sion  bsgins  with  ths  hypothssis  that  ths  straight-lina 
sodsl  is  ths  appropriats  ons  to  uss.  This  hypothssis  say 
bs  rsjsctsd  if  ths  data  indicatss  ths  uss  of  a  sots  cosplsx 
sodsl  is  Mar an tad.  Ths  asthod  to  tsst  ths  linsarity 
hypothssis  is  basad  on  ths  tsst  for  lack  of  fit  of  ths 
assussd  straight-1 ins  sodsl. 

Ths  ksy  statistic  involvsd  is  88E,  ths  rssidual  sua  of 
squaras  (sss  Chaptsr  2).  Rscalling  abovs,  thars  ars  two 
possibls  rsasons  for  a  larga  valua  of  88E1  ths  first  is 
that  thara  is  a  lot  of  variability  in  ths  data  itsslfi  ths 
sscond  is  that  ths  assussd  straight-1 ins  sodsl  is  not 
cosplstsly  appropriats.  In  othsr  sards,  ths  rssidual  sua 
of  squaras  is  sads  up  of  a  coop on ant  dsscribing  ths  purs 
arrar  and  a  coop on ant  dsscribing  ths  lack  of  fit  of  ths 
assussd  straight-1 ins  sodsl.  Each  cosponsnt  of  SSE  is 
dividsd  by  its  rsspsctivs  dsgrsss  of  frssdos  to  obtain  ths 
purs  srror  ssan  squars  (USE)  and  ths  ssan  squars  for  lack 
of  fit  (H8R).  Ths  final  stop  involvss  cosparing  ths  F 
statistic 

F*  -  HSR 
HSE 

sith  an  F<critical>  distribution  obtainsd  fros  statistical 
tablss. 

Ths  output  shoMn  in  Tablss  6  and  7  mots  ussd  in  ths 
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TABLE  6 


COEFFICIENT  TABLE  FOR  ENERGY  CONSERVATION 


Variable 

Regression 

Coefficient 

Standard  Error 

t-Ratio 

Constant 

14.6227 

1.1327 

12.909 

RSF 

0.0026 

0.659E-3 

3.866 

G2 

-6.2738 

1.3742 

4.567 

CDO 

-0. 0016 

0.444E-3 

3.699 

EMCS 

0.0032 

0. 879E-3 

3.630 

C2 

2.7592 

1.0434 

2.644 

ARCDD 

0.0071 

0.0021 

3.363 

ARHDD 

0.0052 

0.0015 

3.545 

SF 

-0.393E-3 

-0. 170E-3 

3.481 

ECIP 

0.0010 

0.296E-3 

3.477 

ANOVA 

TABLE  7 

TABLE  FOR  ENERGY 

CONSERVATION 

Source 

Variations 

DF 

Mean  Square 

F* 

Explained  (SSR) 

6575.7 

9 

730.6 

13.95 

Error  (SSE) 

19640.8 

375 

52.4 

- 

Total  (SST) 

26216.5 

384 

statistical  analysis  of  this  sodsl.  The  regression  coef f i 
cients  listed  in  Table  6  provided  the  information  to 
develop  the  fitted  regression  model i 

EC  -  14.623  -  .00164CDD  +  .00103ECIP  +  .00319EMCS 

-  .000993SF  +  . 00299RSF  +  . 0071ARCDD  «•  .00922ARHDD 
♦  2.799C2  -  6.27602 

The  linearity  hypotheses  mere  as  folloesi 

Hoi  B  ■  B  ■  B  ■  ...  ■  B  ■  0 
1  2  3  18 

Ha i  At  least  one  B^  ^  0  at  §  *  .03 

The  decision  rule  for  testing  these  hypotheses  aret 

If  F*  <  F (critical) ,  fail  to  reject  Ho 

If  F*  >  F (critical),  reject  Ho 

where  F*  -  computed  F-statistic 

F (critical)  -  F(l-a,k,n-k-l) 

1-  a  ■  confidence  level 

k  ■  number  of  independent  variable 

n  -  sample  size 

Using  a  .09  level  of  significance  (a-. 09) ,  the  critical 
value  for  F  isi 

F(crit)  -  F(. 99,9,379)  -  1.89  (9i624) 

and  from  Table  7,  F*  -  13.99 

Since  F*  ■  12.97  >  1.89  ■  F(crit),  Ho  is  rejected  in 
favor  of  Ha.  Therefore,  it  can  be  concluded  at  a  0.09 
level  of  significance  that  a  linear  relationship  does 
exist  and  that  all  the  independent  variables  considered 
together  do  explain  a  significant  amount  of  the  variation 
in  energy  conservation.  Further  testing  mould  not  have 


bam  raquirad  if  Ho  had  baan  accaptad. 

At  this  point,  it  auat  ba  datarainad  whathar  tha  addi¬ 
tion  of  aach  indapandant  variabla,  givan  othara  alraady  in 
tha  aodal ,  significantly  contributas  to  tha  axplanatory 
powar  of  tha  aodal.  To  tast  tha  individual  ragrassion 
coaff iciants,  a  t-tast  was  parforaad  to  dataraina  if  any 
variablas  could  ba  droppad  froa  tha  aquation.  To  dataraina 
tha  significanca  of  a  coaff iciont  (Bi)  in  tha  ragrassion 
aodal v  tha  affact  of  tha  othar  variablas  is  hald  constant. 
Tha  tast,  tharafora,  allows  for  tha  aliaination  of  varia¬ 
blas  which  ara  of  no  help  axplaining  anorgy  consarvation. 
Tha  hypothasas  for  this  tast  war at 
Hoi  Bi  -  0 

Hat  Bi  f  0,  i-  1,9  at  a  -  .03 

Tha  dacision  rulas  for  tasting  thasa  hypothasas  war at 

If  t  <  t <l-a/2,n-p) ,  fail  to  rajact  Ho 

If  t  >  t <l-a/2,n-p) ,  rajact  Ho 

whara  t  ■  coaputad  t— statistic 

t(crit)  ■  t(l-a/2,n-p) 
a  -  laval  of  significanca 
n  *  saapla  siza 

p  ■  nuabar  of  indapandant  variablas 
At  a  0.03  laval  of  significanca  (|  •  0.05),  tha  critical 
valua  for  t  ist 

t <crit)  -  t(l-. 05/2,383-9)  -  1.96  <9t622> 

A  two-si dad  t-tast  was  parforaad  on  aach  coafficiant  as 
shown  in  Tabla  6.  As  shown,  all  of  tha  t-ratios  axcaad  tha 
critical  t-valua  datarainad  at  an  alpha  of  .03  and  374 
dagraas  of  fraadoa.  If  tha  tast  concludas  that  a  coaff i- 


TABLE  8 


CONFIDENCE  INTERVAL  TECHNIQUE 
FOR  REGRESSION  COEFFICIENTS 


Variable 

Coefficient 

Range 

Constant 

13.4918 

< 

B 

< 

19.7997 

CDD 

-8.8821 

< 

B 

< 

-8.8812 

ECIP 

8.8887 

< 

B 

< 

8.8813 

EHCS 

8.8823 

< 

B 

< 

8.8841 

SF 

-8.8887 

< 

B 

< 

8.8884 

RSF 

8.8819 

< 

B 

< 

8.8832 

ARCDD 

8.8898 

< 

B 

< 

8.8894 

ARHDD 

8.8838 

< 

B 

< 

8.8871 

C2  (TAG) 

1.7198 

< 

B 

< 

3.8829 

82  (ZONE  2) 

-7.6988 

< 

B 

< 

-4.9816 

is  equal  to 

zero,  it  can 

be 

removed  from 

the  equation 

without  affecting  its  explanatory  power.  Therefore,  in  all 
casee  the  null  hypothesis  can  be  rejected  in  favor  of  the 
alternate  hypothesisi  the  partial  slopes  of  the  regression 
lines  are  not  zero. 

Caution  is  in  order  when  using  repeated  t- tests. 

The  chance  of  error  is  significantly  greater  that  the  error 
expected  froe  a  single  t-test.  The  rule  of  thueb  method  is 
commonly  used  but  can  result  in  misleading  results.  For 
example,  the  t-test  on  B3  considers  only  the  marginal 
contribution  of  X3  given  that  the  other  variables  are  in 
the  model.  A  confidence  interval  technique  is  an  easier 
method  to  test  the  significance  of  each  variable.  The 


confidmci  interval  baaed  on  an  a  ■  0.05  -for  each  B  is 
approximately  ±  2  standard  errors.  If  zero  does  not  lie 
Mi thin  the  confidence  interval.  Ho  can  be  rejected.  As 
seen  in  Table  8,  the  results  are  the  same  as  those  for  the 
individual  t-test.  Therefore,  each  variable  is  significant 
and  improves  the  explanatory  power  of  the  model. 

Anal ysis  of  Regr essi on  Coefficients.  Multiple  regres¬ 
sion  may  be  viewed  either  as  a  descriptive  tool  by  which 
the  linear  dependence  of  one  variable  on  others  is  deter¬ 
mined,  or  as  an  inferential  tool  by  which  the  relationships 
in  the  papulation  are  evaluated  from  the  examination  of 
sample  data.  Although  these  two  aspects  of  regression 
analysis  are  closely  related,  it  is  important  to  understand 
their  differences.  As  a  descriptive  tool,  regression 
techniques  are  used  to  find  the  best  linear  prediction 
equation  and  evaluate  its  prediction  accuracy  and  to 
evaluate  the  contribution  of  a  specific  variable  or  set  of 
variables  on  the  dependent  variable.  On  the  other  hand, 
regression  analysis  as  an  inferential  tool  enables  the 
researcher  to  measure  the  explanatory  power  of  a  linear 
model  fited  through  a  set  of  independent  variables  as  well 
as  to  examine  the  relationship  between  the  dependent 
variable  and  a  particular  independent  variable. 

The  analysis  presented  earlier  looked  at  the  descrip¬ 
tive  ability  of  the  regression  model.  As  stated  from  the 
beginning,  the  primary  objective  of  this  study  was  not  to 
be  able  to  predict  energy  conservation  but  rather  to 


identify  the  variables  that  have  a  significant  effect  on 
it.  An  understanding  of  these  variables  may  provide  an 
insight  as  to  why  some  installations  have  successful  energy 
conservation  programs  and  others  do  not.  In  light  of  this, 
the  following  discussion  describes  the  particular  relation¬ 
ships  between  the  7  variables  determined  to  have  a  statis¬ 
tically  significant  impact  on  energy  conservation. 

The  regression  equation  developed  for  energy  conserva¬ 
tion  based  on  the  entire  sample  is  shown  again  belowt 

EC  -  14.623  -  .00164CDD  +  .00103ECIP  ♦  .00319EMCS 

-  . 000593SF  +  . 00255RSF  +  . 0071ARCDD  +  .00522ARHDD 

+  2.759C2  -  6.27602 

The  numerical  values  preceding  each  variable  are  the  par — 
tial  regression  coefficients.  Each  coefficient  represents 
the  expected  change  in  energy  conservation  resulting  from  a 
change  in  that  variable  when  the  other  variables  are  held 
constant  or  are  otherwise  controlled.  For  example,  for 
every  one  unit  change  in  CDD,  EC  will  decrease  by  .00164 
percent.  Or  in  other  terms,  for  every  1000  CDD  increase,  a 
base's  energy  conservation  can  be  expected  to  decrease  by 
1.64  percent.  The  inverse  relationship  expressed  here  is 
logical  as  one  would  expect  a  decrease  in  energy  conserva¬ 
tion  as  cooling  degree  days  increase.  It  is  important  at 
this  point  to  analyze  each  variable  and  its  expected 
impact  on  energy  conservation. 

ECIPi  Energy  conservation  can  be  expected  to  increase 
by  1.03  percent  for  every  1  million  dollars  spent  on  EC IP 
related  projects.  As  expected,  the  relationship  is  posi- 


tive.  Thi  database  listed  EC IP  in  teres  of  #1000  which 


accounts  for  the  factor  of  1000  in  this  analysis. 

EMCSt  Energy  conservation  can  be  expected  to  increase 
by  3. 19  percent  for  every  #1M  spent  on  EMC8  projects. 

Since  EC IP  and  EMCS  have  identical  units,  a  direct  coepari- 
son  of  the  regression  coefficients  can  be  eade.  Therefore, 
EMCS  was  identified  as  having  a  sore  significant  effect  on 
a  base's  energy  conservation  success. 

SFi  The  regression  coefficient  calculated  for  facili¬ 
ty  square  footage  was  -0.000593.  The  data  was  inputted  in 
units  of  1000  square  feet,  therefore,  for  every  1,000,000 
square  feet  of  energized  buildings,  the  regression  equation 
for  energy  conservation  would  decrease  by  0.593  percent. 
This  indicates  that  larger  bases  tend  to  be  less  successful 
in  conserving  energy  than  seal ler  bases. 

RSF*  This  variable  represents  the  increase  or 
decrease  in  a  base's  facility  square  footage  froe  FY75  to 
FY84.  The  partial  regression  coefficient  was  0.00255  which 
indicates  that  a  2.55  percent  increase  in  energy  conserva¬ 
tion  can  be  expected  for  every  1  Million  increase  in 
facilty  square  footage. 

ARCDDi  This  variable  was  developed  to  Measure  the 
representativeness  of  a  base's  baseline  (FY75)  cooling 
degree  day  season  to  that  of  the  20-year  average.  It  was 
believed  that  a  base  that  experienced  a  More  severe  base¬ 
line  cooling  season  than  in  nornal  years  would  achieve 
greater  success  in  energy  conservation.  This  was  hypothe- 


sized  baciuM  each  y ear  thereafter  is  coapared  to  ths  aore 
severe  baseline  year.  Loss  energy  for  cooling  Mould  be 
consueed  for  a  noreel  year  than  that  consueed  for  the  ao re 
severe  baseline  year.  The  results  validated  this  hypoth¬ 
esis!  A  1000  CDD  difference  between  the  baseline  and  the 
20-year  average  can  be  expected  to  result  in  a  7.1  percent 
increase  in  energy  conservation.  For  those  bases  where  the 
FY75  cooling  season  was  less  severe  than  the  nor*,  they 
would  have  wore  difficulty  in  achieving  successful  energy 
conservation  results. 

ARHDDi  The  saee  logic  used  in  developing  the  ARCDD 
variable  was  used  in  developing  the  ARHDD  variablei  A  base 
that  experienced  a  aore  severe  heating  season  in  FY75  would 
achieve  greater  results  in  energy  conservation.  Again, 
this  hypothesis  was  verified  by  the  partial  regression 
coefficient  of  0.00S22.  This  indicates  that  for  every  1000 
HDD  difference  <FY75  -  20-year  average),  a  base's  energy 
conservation  can  be  expected  to  be  greater  by  5.22  percent 
than  a  base  whose  baseline  approx iaated  the  nare. 

C2i  C2  is  a  dueey  variable  which  would  only  enter  the 
regression  equation  when  the  base  is  within  the  Tactical 
Air  Coai* and.  The  coefficient  indicates  a  TAG  base  can  be 
•xpected  to  have  a  2.76  percent  greater  success  rate  in 
energy  conservation  than  other  non-TAC  bases.  This 
relationship  reinforces  the  fact  that  TAC  bases  have 
achieved  greater  results  than  aost  other  coaaands.  This 
was  observed  in  Table  1. 


82 i  This  dummy  variable  represents  the  effect  of  a 


base  being  in  climatic  zone  two.  It  only  enters  the  model 
when  a  base  is  in  fact  from  zone  2.  The  effect  of  the 
other  climatic  zones  had  no  statistical  significance  on 
energy  conservation.  Thus,  for  bases  in  zone  2V  their 
energy  conservation  can  be  expected  to  be  6.28  percent  less 
than  those  bases  in  other  zones.  Most  SAC  bases  are  within 
zone  2  which  may  account  for  their  overall  poor  results  in 
energy  conservation. 

Constant!  This  regression  coefficient  (14.62) 
represents  the  energy  conservation  a  base  could  expect  if 
all  the  variables  identified  in  the  equation  were 
controlled  or  took  an  values  of  zero. 

One  important  point  to  mention  is  that  the  partial 
regression  coefficients  can  not  be  directly  compared 
because  of  their  different  units.  For  example,  ARCDD  is 
measured  in  CDD's,  whereas,  ECZP  is  measured  in  dollars. 

To  overcame  this  restriction,  the  coefficients  can  be 
expressed  as  standardized  regression  coefficients.  This  is 
accomplished  by  converting  the  variables  into  units  of 
their  respective  standard  deviations.  The  8P88  regression 
program  conveniently  calculates  this  as  part  of  its  usual 
output.  Rafar  to  Appendix  B  where  the  standardized  coef¬ 
ficients  are  labeled  B  (beta).  Table  9  below  shows  the 
standardized  regression  coefficients  in  order  of  their 
relative  importance  on  energy  conservation.  The  cautions 
in  interpreting  regression  coefficients  mentioned  earlier 
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TABLE  9 


STANDARDIZED  REGRESSION 

COEFFICIENTS 

Variable 

Beta 

62 

-0.2186 

CDD 

-0.2047 

SF 

-0.1999 

EC  IP 

0. 1999 

EMCS 

0.1876 

ARCDD 

0. 1874 

RSF 

0.1SS9 

ARHDD 

0. 1854 

C2 

0.1387 

apply  to  standardized  regression  coefficients  as  welli 
they  show  the  effect  of  the  given  independent  variable  in 
the  context  of  the  other  independent  variables  in  the 
eodel.  The  ieportance  of  the  variables  within  the  Model 
can  not  be  universally  applied  to  the  real  world. 

Analysis  of  Residuals.  Referring  back  to  Chapter  2, 
four  assueptions  were  eade  about  the  error  terns.  At  this 
tine,  it  is  appropriate  to  verify  whether  these  assumption 
were  indeed  correct.  The  SPSS  program  conveniently 
produces  a  histogram  of  the  standardized  residuals,  a 
normal  probability  plot  of  the  standardized  residuals,  and 
a  standardized  scatterplot  of  the  residuals.  These  plots 
are  shown  in  Appendix  B.  The  various  plots  indicate  that 
the  error  terms  are  indeed  linearly  independent,  have  a 


noraal  distribution,  hsvs  equal  variances,  and  s  mean  of 
zsro. 

Final  Discussion.  Ths  first  rogrsssion  sodsl  mss 
dsvslopsd  basad  on  ths  sntirs  samp la  which  includsd  77 
basss  fros  six  diffaront  major  air  coaaands.  As  seen  from 
tha  pravious  analysis,  tha  rasults  wars  statistically 
significant  although  thay  wara  ralativaly  waak.  Tha 
coafficiant  of  dataraination  (RA2)  indicatad  that  only  29.1 
parcant  of  tha  variance  in  energy  conservation  was 
explained  by  9  independent  variables.  Tha  remaining  74.9 
parcant  of  tha  variance  in  energy  conservation  can  be 
attributed  to  many  f actors |  namely,  there  was  a  large 
amount  of  variance  in  tha  data,  tha  linear  modal  speci¬ 
fication  was  not  appropriate,  or  other  important  variables 
wara  not  considered.  Xn  this  case,  it  was  believed  the  low 
coefficient  of  determination  was  attributed  to  a  high  vari¬ 
ance  in  the  data. 

An  analysis  of  a  subset  of  this  sample  should  reduce 
the  variance  within  the  data.  Xn  order  to  test  this 
hypothesis,  separate  regression  models  were  developed  and 
analyzed  for  two  subsetsi  Strategic  Air  Command  and  the 
Tactical  Air  Command. 

The  same  analysis  procedures  used  for  the  entire 
sample  were  used  for  the  two  subsets.  The  discussion  of 
the  remaining  analyses  will  not  include  as  auch  detail  as 
provided  for  the  first  model.  There  are,  however,  explicit 
statistical  inferences  made  about  each  model,  including  a 


nodal  equation  f  F-test  -for  significance,  t-test  for 
individual  correlation,  and  analysis  of  the  coefficient  of 


deterei nation.  Coeputer  output  for  these  Models  are 
presented  in  Appendices  C  and  D. 

Analysis  of  Strategic  Air  Comm and 

The  first  subset  included  24  SAC  installations  during 
the  fiscal  years  1988  through  1984  for  a  total  of  128 
observations.  Using  the  sane  SPSS  regression  prograa  and 
entry  criteria  as  the  previous  Model,  the  resulting 
regression  equation  consisted  of  8  independent  variables. 
Observed  data,  correlation  Matrix,  ANQVA  table,  and  a 
coefficient  table  are  shown  in  Tables  18  through  14.  The 
resulting  linear  regression  equation  isi 

EC  *  8.83  +  . 0829ECXP  ♦  .8898EHC8  -  .8816SF  -  .88187RP0P 
♦  .88769R8F  -  .88644RHDD  ♦  7.69981  ♦  11.41383 

Coefficient  of  Deteraination  <R~2>  ■  8.9288 
Coefficient  of  Correlation  (R)  ■  8.7217 

The  correlation  Matrix  shows  that  change  in  HDD  froa  the 

baseline  (RHDD)  and  dinatic  cones  1  and  3  have  the  largest 

inpact  on  energy  conservation  with  correlations  of  -8.333, 

8.2877  and  8.238,  respectively.  Population  change  (RPOP) 

was  Moderately  correlated  with  EHCS  (8.679)  and  facilty 

square  feet  (8.993).  These  correlations  indicate  that  a 

larger  base  was  More  apt  to  experience  an  increase  in  base 

papulation  and  receive  More  ERCS  funds. 

The  sane  hypotheses  were  tested  to  deter Mine  whether 

or  not  a  linear  relationship  existed  between  energy 


TABLE  10 


OBSERVED  DATA  -  STRATEGIC  AIR  COMMAND 


Variable 

Mean 

Std.  Deviation 

EC 

11.32 

8.77 

ECIP 

1866.87 

797.48 

EMCS 

178.62 

373.14 

RPOP 

291.98 

1496.48 

SF 

4941.13 

1816.64 

RSF 

143.79 

279.78 

RHDD 

-228.97 

971.97 

81 

8.9 

8.98 

83 

8.883 

8.278 

conservation  and  tha  8  independent  var i ablest 
Hoi  B1  »  B2  ■  B3  ■  ...  ■  Bn  ■  8 
Ha*  At  least  one  Bi  t  B  at  a  -  .83 

The  critical  value  of  F  froe  an  F-distributian  table  is, 

F (8, 111 ,8.95)  -  2.83 
and  F*  ■  19.88 

Since  F*  >  F(crit),  reject  Ho  and  conclude  that  one  or  ear* 
of  the  independent  variables  is  linearly  related  to  energy 
conservation  at  a  8.89  level  of  significance. 

The  following  hypotheses  were  tested  to  detereine  the 
significance  of  the  contribution  of  each  independent 
variables 

Hoi  Bi  -  8 

Ha *  Bi  9  8  i  -  1,8  at  a  -  .89 
Using  the  two-tailed  t-test  at  111  degrees  of  freedom,  the 


results  ara  shown  bslowi 


Coefficient 

t-retio 

t <crit> 

Conlude 

Bo  <EC) 

3.932 

> 

1.98 

Reject 

Ho 

B3  (ECIP) 

3.077 

> 

1.98 

Reject 

Ho 

B4  (EMCS) 

4.205 

> 

1.98 

Reject 

Ho 

B6  (RHDD) 

5.764 

> 

1.98 

Reject 

Ho 

B7  <RPOP) 

3.042 

> 

1.98 

Reject 

Ho 

B8  CSF) 

3.413 

> 

1.98 

Reject 

Ho 

B9  (RSF) 

3. 191 

> 

1.98 

Reject 

Ho 

B17 (61) 

5.356 

> 

1.98 

Reject 

Ho 

B19 (S3) 

5.082 

> 

1.98 

Reject 

Ho 

TABLE  11 


CORRELATION  MATRIX 
STRATEGIC  AIR  COMMAND 


EC 

RHDD 

81 

83 

ECIP 

8F 

EC 

1.000 

-0.333 

0.277 

0.238 

0.207 

-0.003 

RHDD 

—0.333 

1.000 

-0.015 

0.049 

-0.005 

-0.279 

81 

0.277 

-0.015 

1.000 

-0.302 

0.  152 

0.  141 

03 

0.238 

0.049 

-0.302 

1.000 

-0.  152 

-0.220 

ECIP 

0.207 

-0.005 

0.152 

-0.152 

1.000 

0.392 

SF 

-0.003 

-0.279 

0.141 

sl«  mV 

0.392 

1.000 

EMCS 

0.175 

-0.317 

-0.  140 

-0.138 

0.309 

0.590 

RSF 

0.070 

0.046 

-0.342 

0.  128 

0.061 

0.280 

RPOP 

-0.113 

-0.334 

-0.301 

-0.056 

0.  151 

0.553 

TABLE  11 — Continued 


EMCS 

RSF 

RPOP 

EC 

0.175 

0.070 

-0.113 

RHDD 

-0.317 

0.046 

-0.334 

81 

-0.140 

-0.342 

-0.301 

83 

-0.138 

0.128 

-0.056 

ECIP 

0.309 

0.061 

0.  151 

SF 

0.590 

0.280 

0.553 

EMCS 

1.000 

0.307 

0.679 

RSF 

0.307 

1.000 

0.322 

RPOP 

0.679 

0.322 

1.000 

52 


TABLE  12 


Total 


9199.8 


In  ncH  cam.  Ho  was  rsjsctAd  in  favor  of  ths  AltsrnAtA 
hypothssis.  Therefore,  ths  8  indap sndsnt  variables  wars 
statistiCAlly  idanti-fiad  as  having  a  significant  influence 
on  anargy  consarvation. 

Discussion.  Tha  explanatory  powar  o-f  a  ragrassion 
aodal  -for  anargy  consarvation  was  anhancad  by  using  a 
subsat  of  tha  original  saapla.  By  liaiting  tha  saapla  to 
24  SAC  bases,  tha  coefficient  of  dataraination  incraasad 
-froa  29. 1  to  32.1  par  cant.  Therefore,  tha  SAC  aodal 
axplains  sort  than  52  parcant  of  tha  variation  in  anargy 
consarvation  at  a  0.09  laval  of  signif icanca. 

Four  of  tha  sight  variablas  idantifiad  in  tha  SAC 
aodal  wars  also  idantifiad  in  tha  ovarall  ragrassion  aodal. 
Thasa  variablas  arai  EC IP,  EHC8,  SF,  and  RBF.  Tha 
relationship  of  thasa  variablas  on  anargy  consarvation  wars 
identical,  although  tha  ragrassion  coafficiants  wars 
different  as  would  ba  ax pact ad.  For  axaapla,  tha  SAC  aodal 
producad  a  ragrassion  coafficiant  of  +0.00769  for  RSF, 
whereas,  tha  ovarall  aodal  idantifiad  a  coafficiant  of 
+0.0025.  Tha  kay  point  hara  is  that  both  aodal s  showad  a 
positive  influence  on  anargy  conservation.  Tha  regression 
coafficiants  can  not  ba  coapared  directly  as  each  aust  ba 
analyzed  within  tha  context  of  its  aodal. 

Tha  SAC  aodal  resulted  in  four  different  variablas 
that  did  not  enter  tha  overall  aodal i  RHDD,  RP0P,  G1  and 
83.  Tha  following  discussion  presents  tha  relationship  of 


th«M  variables  with  anargy  conservation. 

RHDDi  This  variable  was  intended  to  eeasure  the 
effect  of  a  severe  heating  season  on  a  base's  energy 
conservation  efforts.  It  was  defined  as  RHDD  ■  HDD(CY)  - 
HDD (FY73)  where  CY  -  current  year.  The  aodel  indicates 
that  a  base's  annual  energy  conservation  can  be  expected  to 
decrease  6.44  percent  for  every  1000  HDD's  above  the  FY75 
baseline.  For  example,  a  SAC  base  that  recorded  5700  HDD's 
in  FY83  and  5200  HDD's  in  FY75  can  expect  to  conserve  3.22 
percent  less  energy  than  a  SAC  base  whose  RHDD  was  zeroi 
(>0.00644) *(5700  >5200)  -  -3.22, 
given  that  the  other  variables  in  the  model  are  zero  or  are 
controlled.  This  validates  the  hypothesis  that  extremes  in 
weather  have  a  significant  but  uncontrollable  effect  on 
facility  energy  conservation.  Since  SAC  bases  are  mainly 
concentrated  in  northern  climates,  it  might  be  expected 
that  heating  degree  days  would  have  sore  effect  on  SAC  than 
on  the  Air  Force  as  a  whole. 

RPQPs  This  variable  was  designed  to  measure  the 
effect  of  population  change  on  energy  conservation.  The 
results  indicate  that  for  every  1000  person  increase  in 
base  papulation  from  the  FY75  baseline,  a  base's  energy 
conservation  can  be  expected  to  decrease  1.87  percent. 
Again,  this  variable  validates  the  original  hypothesis  that 
increases  or  decreases  in  population  have  a  significant 
influence  on  energy  conservation. 

61 i  This  dummy  variable  represents  the  effect  of  a 


TABLE  14 


STANDARDIZED  REGRESSION  COEFFICIENTS 
STRATEGIC  AIR  COMMAND 


Variable 

Beta 

G1 

0.4404 

RHDD 

-0.4196 

EMCS 

0.4139 

83 

0.3611 

SF 

RPOP 

-0.3112 

ECIP 

0.2273 

base  being  in  climatic  zone  1.  It  only  enters  the  equation 
when  a  base  in  question  is  from  zone  1.  The  results 
indicate  that  energy  conservation  for  a  base  in  zone  1  can 
be  expected  to  be  7. 70  percent  higher  than  those  bases  in 
other  zones  (except  zone  3,  see  beloe). 

83 i  Similar  to  zone  1,  a  base  in  zone  3  can  expect  to 
have  energy  conservation  results  11.41  percent  greater  than 
other  bases  outside  zone  3  (except  zone  1,  see  above). 

The  relative  importance  of  each  variable  can  not  be 
determined  by  the  value  of  its  regression  coefficient. 
However ,  as  previously  explained,  their  coefficients  can  be 
converted  to  standardized  regression  coefficients  which 
allow  direct  comparison.  Table  14  lists  the  standardized 
regression  coefficient  of  each  variable  in  order  of  their 
relative  importance  on  energy  conservation. 


The  raaidual  plots  shown  in  Appendix  C  indicate  that 
the  original  assumptions  concerning  tha  error  terms  were 
indeed  correct. 

Analysis  of  Tactical  Air  Command 

This  subset  included  17  TAC  installations  during  the 
■fiscal  years  1980  through  1984  -for  a  total  o-f  85  observa¬ 
tions.  Using  the  same  SPSS  regression  program  and  entry 
criteria  as  the  previous  models,  the  resulting  regression 
equation  included  5  independent  variables.  Tables  15 
through  18  show  the  results  o-f  this  regression.  The 
resulting  linear  regression  model  ist 

EC  -  8.678  +  .00308ECIP  -  .00534RCDD  +  .00S4R8F 
-  . 00158RPOP  -  7.2582 

Coef -f icient  o-f  Determination  *  .3850 
Coe-f-ficient  o-f  Correlation  ■  .6205 

The  correlation  matrix  in  Table  16  indicates  that  RSF 
and  62  have  the  largest  correlation  with  energy  conserva¬ 
tion,  0.340  and  -0.346,  respectiviely.  A  correlation  of 
-0.306  was  observed  between  RSF  anf  82  which  may  indicate 
that  bases  in  zone  2  tended  to  experience  a  decrease  in 
facility  square  footage  since  FY75. 

The  following  hypotheses  were  tested  in  order  to 
determine  whether  a  linear  relationship  existed  between 
energy  conservation  and  the  five  independent  variablesi 
Hoi  B1  -  B2  -  B3  -  B4  -  B5  »  0 
Ha i  At  least  one  Bi  ^  0  at  a  ■  .05 

The  critical  value  of  F  from  an  F-distribution  table  is, 


F(crit)  -  F <3, 79)  -  2.33 
and  F*  ■  9.89 

Sinca  F*  >  F<crit)v  reject  Ho  and  concluda  that  ona  or  mo ra 
of  tha  five  indapandant  variablas  is  linaarly  ralatad  to 
energy  conservation  at  a  .05  level  of  significance. 

The  following  hypotheses  ware  tasted  to  deteraine 
which  variables  significantly  contributed  to  tha  explana¬ 
tory  power  of  tha  models 
Ho:  Bi  «  0 

Hat  Bi  t  0  iBl|S  at  a  ■  .05 
For  79  degrees  of  freedom,  the  results  of  the  two— tailed  t- 
test  are  shown  in  Table  17.  The  null  hypothesis  was 
rejected  in  each  case  thus  each  variable  is  statistically 
identified  as  having  a  significant  influence  on  energy 
conservation. 

Discussion.  The  explanatory  power  of  this  regression 
model  was  greater  than  the  overall  model  but  substantially 
less  than  the  SAC  model.  Only  38.3  percent  of  the  variance 
in  energy  conservation  at  TAC  bases  can  be  explained  by  the 
five  independent  variables  at  a  .05  level  of  significance. 
An  interesting  point  to  note*  however,  is  that  three  of  the 
five  variables  were  also  identified  in  the  overall  model 
(ECIP,  RSF ,  82).  In  addition,  three  of  the  variables  were 
present  in  the  SAC  model  (ECIP,  RSF,  RPOP) .  The  common 
variables  in  all  three  models  were  ECIP  and  RSF. 

The  only  new  variable  that  entered  the  TAC  model  was 
RCDD.  Similar  to  RHDD  discussed  in  the  SAC  analysis,  this 


x 

$ 

■■to 


variable  mas  intended  to  measure  the  severity  of  the 
coaling  season  to  that  expariencsd  during  ths  FY7S  bass- 
line.  Xt  was  hypothssizsd  that  a  bass  experiencing  a  ears 
severe  cooling  season  than  FY79  Mould  result  in  a  decrease 
in  their  success  to  conserve  energy  for  that  year.  The 
results  indicate  that  for  every  1000  CDD's  above  the  FY79 


*  *  .V  f . 
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TABLE  17 


COEFFICIENT  TABLE  -  TACTICAL  AIR  COMMAND 


Variable 

Regression 

Coefficient 

Standard 

Error 

t-ratio 

EC 

8.578 

1.070 

8.11 

62 

-7.250 

2.649 

2.74 

EC  IP 

0.00308 

0.00102 

3.01 

RCDD 

-0.00534 

0.00182 

2.94 

RSF 

0.00540 

0.00153 

3.52 

RPOP 

-0.00158 

0.00053 

2.99 

TABLE  18 

ANOVA  TABLE 

TACTICAL  AIR  COMMAND 

Source 

Variations 

DF 

Mean  Square  F* 

Explained 

1465.5 

5 

293.1  9.89 

Error 

2340.7 

79 

29.6 

Total 

3805.2 

84 

baMlinc,  a  base's  energy  conservation  can  be  expected  to 
be  5-34  percent  less  than  a  TAC  base  whose  cooling  season 
matched  their  baseline.  This  validates  the  hypothesis 
stated  above. 

As  expained  -for  the  other  Models,  the  relative  iepor- 
tance  of  each  variable  on  energy  conservation  can  not  be 
determined  by  a  direct  coeparison  of  the  regression  coeffi- 


60 


*  f  •  ■f-  *'■  ^ 4 1  •  'V  ♦ **■  **♦  *  *  '•*  •*  *v  *v.  *t*- •*.  «*.  -r .  - . 


TABLE  19 


STANDARDIZED  REGRESSION  COEFFICIENTS 
TACTICAL  AIR  COMMAND 


Variable  Bata 


RSF 

B. 3499 

RPOP 

-0.2831 

ECIP 

0.2763 

RCDD 

-0.2663 

62 

-0.2549 

cianta  because  of  different  units.  However,  Table  19  lists 
the  standardized  regression  coefficients  listed  in  order  of 
their  relative  importance.  The  variable  R8F  was  identified 
as  having  the  greatest  change  in  energy  conservation  in 
terns  of  standard  deviations  per  standard  deviation  change 
in  RSF. 

The  residual  plots  shown  in  Appendix  D  indicate  that 
the  original  assumptions  concerning  the  error  terms  were 
indeed  correct. 


da t ions 


Suamry 

Tha  purpose  o-f  this  research  was  to  investigate  and 
analyze  the  -factors  affecting  the  success  of  facility 
energy  conservation  at  Air  Force  installations.  The  Air 
Force  has  been  actively  pursuing  energy  conservation  since 
the  realization  that  the  nation's  energy  supply  Mas 
uncertain  as  a  result  of  the  1973  oil  eebargo.  It  is 
becoeing  apparent  the  Air  Force  will  fall  short  of  the  FY8S 
goal  of  reducing  facility  energy  use  by  20  percent  per 
gross  square  foot  compared  to  the  FY79  consumption  rate.  A 
clear  understanding  is  needed  as  to  why  certain  bases  have 
met  this  goal  and  other  bases  have  not. 

This  study  presented  a  background  an  federal  energy 
consumption  and  its  ieportance  to  the  mission  of  the  United 
States  Air  Force.  The  Air  Force's  energy  requirements, 
energy  conservation  goals,  and  strategies  to  meet  these 
goals  were  discussed.  Related  research  on  modeling  energy 
consumption  was  reviewed  to  learn  from  the  efforts  of 
others. 

The  research  methodology  discussed  the  sample 
selection,  data  collection,  and  data  validity.  The  actual 
analysis  included  77  CONUS  bases  from  six  major  air 
commands  during  the  years  1980  through  1984.  Fifteen 
independent  variables  believed  to  have  a  significant  affect 
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an  an orgy  conservation  we rm  i dan t if lad  and  defined.  Froa 
this  point,  tha  apacific  approach  to  answar  aach  raaaarch 
quaation  Mas  discussad.  Multi pla  linaar  ragrassion 
analysis  mss  usad  to  dataraina  tha  ovarall  and  individual 
contribution  of  tha  indapandont  variablas  on  onorgy 
consor vat i on .  Statistical  hypothasis  tasting  tachniquas 
mo rm  usad  to  info r  tha  extant  to  Mhich  changas  in  tha 
indapandont  variablas  ara  ralatod  to  changas  in  onorgy 
consor vat ion.  Statistical  stataaants  basad  on  ragrassion 
analysas  taka  into  account  tha  irragularitias  of  tha  raal 
world  and  tha  probloas  associated  with  aaasur saan t  errors. 

Conclusions 

Each  rasaarch  question  can  now  ba  answered  froa  tha 
ovarall  analysis.  Inferential  and  doscriptives  statistics 
wore  usad  to  reach  those  conclusions  and  to  provide  an 
insight  into  tha  probloas  facing  tha  Air  Force's  present 
aethod  of  aeasuring  energy  conservation. 

Rasaarch  Question  Nuabor  _1 .  Can  a  statistically 

significant  relationship  ba  hypothesized  between  energy 

conservation  and  selected  indapandont  variables?  A  linaar 

relationship  was  hypothesized  and  tasted  using  statistical 

tachniquas.  Nina  indapandont  variables  wars  identified  as 

having  a  significant  linaar  affect  on  energy  conservation 

at  a  0.05  level  of  significance.  These  variablas  include! 

COD  ■  cooling  degree  days 
ECZP  ■  dollars  spent  on  ECIP  projects 
EMCS  -  dollars  spent  on  EMCS  projects 
3F  *  a  base's  facility  square  footage 


R8F 


■  th*  chang*  in  a  base's  -facility  squar* 
footage  fro*  FY75  to  FY84 
ARCDD-  th*  dif faranca  in  a  base's  FY75  CDD  season 
fro*  th*  20-year  average 

ARHDD*  the  difference  in  a  base's  FY75  HDD  season 
froe  the  20-year  average 
C2  -  the  effect  of  being  in  TAG 

62  ■  the  effect  of  being  in  zone  2 

The  other  independent  variables  were  proven  statistically 

insignificant.  Th*  nine  variables  that  were  detereined 

significant  only  explained  2S.1  percent  of  the  variation  in 

energy  conservation.  A  25.1  percent  coefficient  of 

detereination  is  considered  relatively  low  for  this  type  of 

analysis.  Th*  renaining  74.9  percent  of  the  variance  in 

energy  conservation  was  believed  to  be  attributable  to  a 

high  variance  in  the  data  and  to  th*  failure  to  consider 

several  key  variables  affecting  energy  conservation. 

Factors  such  as  upper  level  eanageeent  support  for  the 

energy  conservation  prograe  and  energy  awareness  caepaigns 

say  have  a  significant  effect  on  energy  conservation. 

However,  they  are  not  easily  quantifiable  and  so  were  not 

considered  in  this  report. 

8ince  nearly  three  quarters  of  the  variance  was  not 
explained  by  th*  initial  eodel,  additional  analyses  were 
perforeed  on  subsets  of  the  original  sample.  Th*  second 
analysis  considered  only  bases  within  the  Strategic  Air 
Commind.  This  increased  the  coefficient  of  detereination 
to  52.1  percent.  The  statistically  significant  variables 
affecting  energy  conservation  at  SAC  bases  includes 


RHDD  m  the  diffarmca  in  HDD's  for  any  given  year 
■from  ths  FY7S  basal  ins 

RPOP  *  ths  diffsrsncs  in  bass  population  for  any 
givan  yaar  froa  ths  FY75  basal ins 

81  ■*  tha  affact  of  baing  in  zona  1 

82  m  tha  affact  of  baing  in  zona  3 

Tha  aodal  of  tha  Tactical  Air  Coaaand t  tha  third 
analysis,  rasultad  in  a  coafficiant  of  dataraination  of 
38.9  par cant.  Although  this  was  an  iaprovaaant  over  tha 
initial  aodal,  it  was  substantially  lo>isr  than  tha  SAC 
aodal.  Tha  four  variablas  having  a  significant  affact  on 
anargy  consarvat i on  at  TAC  basas  includai 

ECIP 

RSF 

RPOP 

RCDD  ■  tha  diffaranca  in  CDD's  for  any  givan  yaar 
froa  tha  FY75  basal ina 

■ — tw  sash  aaalyaiar  it  saw  ba  sawaludad  at -a  8.88  lava 

of  significanca  that  a  linaar  ralationship  doas  axist  and 
that  the  independent  variablas  raaaining  in  each  aodal  do 
explain  a  significant  aaount  of  tha  variation  in  energy 
conservation. 

Research  Question  Nuaber  2.  Which  variablas 
contribute  substantially  to  the  explained  variation  in 
anargy  conservation?  The  nuaber  of  independent  variablas 
in  a  aultiple  regression  aodal  has  a  definite  iapact  on  tha 
validity  of  tha  results.  Each  variable  was  analyzed  to 
deteraine  whether  it  significantly  contributed  to  tha 
explanatory  power  of  the  aodal.  Tha  intent  is  to  siaplify 


tha  aodal  by  deleting  tha  variablas  that  do  not  explain  a 


significant  aeount  of  ths  variation  in  snsrgy  conservation. 

All  nins  variables  in  the  initial  regression  analysis 
Mere  detereined  to  eake  a  significant  contribution  to  the 
explanatory  power  of  the  aodel.  Therefore,  the  eodel  was 
not  siaplified  by  deleting  any  of  these  variables.  The 
variable  RSF  was  the  aost  influential  accounting  for  6.9 
percent  of  the  variance  in  energy  conservation.  The 
variables  RSF,  62,  and  CDO  together  explained  19.4  percent 
of  the  variation  in  energy  conservation.  Thus,  these  three 
variables  accounted  for  approxiaately  61  percent  of  the 
variance  explained  by  the  nine  variables. 

The  eight  variables  in  the  SAC  eodel  were  also  deter- 
ained  to  significantly  contribute  to  the  explanatory  power 
of  the  aodel  thus  none  were  deleted.  The  variable  RHDD  was 
the  aost  influential,  explaining  11.1  percent  of  the 
variation  in  energy  conservation.  The  variables  RHDD,  Bl, 
83,  and  ECIP  together  accounted  for  33  percent  of  the 
variation  or  approx i eat el y  63  percent  of  the  total 
explained  by  the  eight  variables. 

The  four  variables  in  the  TAC  eodel  significantly 
contributed  to  the  explanatory  power  of  the  eodel.  The 
variable  82  was  the  eost  influential  (12.0  percent)  while 
the  variables  82  and  ECIP  together  explained  18.9  percent 
of  the  variation  in  energy  conservation. 

Research  Question  Nuebor  3.  Does  the  present  eethod 
used  to  eeasure  facility  energy  conservation  provide  a 
realistic  indication  of  a  base's  success  in  conserving 


energy?  The  heart  of  this  research  effort  centers  upon 
this  question.  Understanding  the  relationship  of  each 
variable  on  energy  conservation  prepares  us  to  answer 
question  nuabar  3.  It  is  important  to  realize  that  some  of 
these  variables  are  controllable  and  some  are  uncontrol¬ 
lable.  The  only  truly  controllable  variables  affecting 
energy  conservation  are  the  expenditure  of  ECIP  and  EMCS 
funds.  The  seven  other  variables  are  uncontrollable  but  as 
can  be  seen,  have  a  significant  affect  on  the  success  of 
energy  conservation.  At  this  point,  it  is  important  to  go 
back  to  the  variables  highlighted  earlier  and  explain  their 
true  relationship  on  energy  conservation.  There  is  much  to 
gain  from  the  initial  regression  analysis  although  the 
results  were  relativiely  weak. 

As  explained  in  Chapter  3,  the  variables  ECIP  and  EMCS 
were  determined  to  have  a  positive  linear  affect  on  energy 
conservation.  A  base's  energy  conservation  can  be  expected 
to  increase  relative  to  the  amount  of  ECIP  and  EMCS  funds 
spent  on  their  base.  This  indicates  that  the  Energy 
Conservation  Investment  Program  initiated  by  the  DoD  is 
successful  in  increasing  energy  conservation  at  Air  Force 
installations.  Every  *1  million  invested  in  ECIP  and  EMCS 
projects  at  a  base  accounts  for  1.03  and  3.19  percent 
points  in  energy  conservation,  respectively. 

Cooling  degree  days  (CDD)  have  an  inverse  affect  on 
energy  conservation  as  might  be  expected.  This  indicates 
that  bases  in  southern  climates  can  expect  to  experience  a 


1  out  sue cms  in  energy  conservation.  This  say  be  attribu¬ 
table  to  an  increase  in  the  number  of  air  conditioners  used 
to  support  electronic  equipment  and  -for  comfort  cooling  at 
these  bases.  Thus  both  increased  technology  and  people 
awareness  programs  have  affected  energy  conservation. 

The  variable  square  footage  <SF>  resulted  in  an 
inverse  relationship  with  energy  conservation.  This  indi¬ 
cates  that  larger  bases  tend  to  be  less  successful  in 
energy  conservation.  On  the  other  hand,  the  variable  RSF 
has  a  positive  affect  on  energy  conservation  which  indi¬ 
cates  that  the  buildings  built  after  FY75  are  more 
efficient  than  those  built  earlier. 

The  variables  ARCDD  and  ARHDD  were  designed  to  measure 
the  representativeness  of  a  base's  weather  baseline  as 
compared  to  a  20-year  average.  The  results  validate  the 
original  hypothesis  that  the  baseline  weather  does  indeed 
have  a  significant  affect  on  energy  conservation.  A  base 
that  experienced  a  much  warmer  cooling  season  in  FY79 
consumed  more  energy  that  year  than  in  prior  years.  The 
results  indicate  that  a  baseline  1000  CDO's  above  the  20- 
year  average  will  result  in  a  base  having  an  energy  conser¬ 
vation  program  7.1  percentage  points  above  a  base  whose 
baseline  approximated  the  norm.  The  ARHDD  variable  indi¬ 
cates  the  same  except  the  percent  gain  is  9.22. 

Command  and  geographic  zone  were  also  determined  to 
have  an  effect  on  energy  conservation.  Bases  in  the  Tacti¬ 
cal  Air  Command  can  be  expected  to  have  a  more  successful 


energy  conservation  program  than  other  coaeanda  by  2.76 
percentage  points.  This  reflects  upon  two  pointsi  first, 
TAC  has  placed  euch  eephasis  on  energy  conservation,  both 
financially  and  eanagerially)  second,  eost  TAC  bases  are 
located  in  aidsouthern  statas  where  the  weather  is  condu¬ 
cive  for  flying.  These  areas  are  noraal ly  free  of  any 
extreaes  in  weather. 

Bases  in  zone  two  were  deterained  to  experiance  less 
successful  results  in  energy  conservation  by  6.28  percen¬ 
tage  paints.  As  seen  in  the  cliaatic  aap  in  Chapter  2, 
zone  2  covers  a  wide  stretch  of  area,  host  SAC  bases  are 
located  in  zone  2  which  aay  account  far  their  law  reduction 
in  energy  use  (11.4X)  coopered  to  the  Air  Farce  average  of 
14.1  percent  <FY84  figures). 

As  discussed  earlier,  the  aajority  of  the  nine  varia¬ 
bles  affecting  energy  conservation  are  uncontrollable.  An 
arguaent  could  be  aade  that  a  base  should  be  able  to 
control  approx i aatel y  73  percent  of  its  energy  conservation 
since  these  variables  explained  less  than  25  percent  of  the 
total  variance  in  energy  conservation.  Regardless,  the 
success  of  a  base's  energy  conservation  prograa  is  contin¬ 
gent  upon  nuaerous  factors  beyond  their  control.  The 
present  aethod  used  by  the  Air  Force  to  aeasure  energy 
conservation  is  based  strictly  on  a  base's  annual  energy 
consumption  (in  MBTU/SF)  compared  to  its  FY75  consumption 
level.  There  are  two  primary  flaws  associated  with  this 
approach.  First,  this  approach  measures  the  change  in 
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energy  consumption  without  any  consideration  -for  ths 
conditions  of  ths  basslins  year  nor  subsequent  years 
thereafter.  For  example,  the  weather  during  the  baseline 
year  may  have  been  more  severe  or  mild  than  normal  years  or 
s  base  may  have  increased  in  size  and  papulation  since 
1975.  Second,  this  approach  fails  to  account  for  the 
numerous  factors  affecting  energy  conservation.  All  the 
bases  are  compared  together  without  any  consideration  for 
weather  patterns  nor  climate  zones. 

In  light  of  this,  it  is  concluded  that  the  present 
method  to  measure  energy  conservation  does  not  provide  a 
true  indication  of  a  base's  energy  conservation  efforts. 
There  are  numerous  factors  affecting  energy  conservation 
that  the  current  approach  fails  to  account  for.  Thesa 
uncontrollable  factors  may  prevent  a  base  from  achieving 
successful  results  regardless  of  their  energy  conservation 
efforts. 

Although  the  preceding  discussion  was  based  on  the 
initial  regression  analysis,  the  same  conclusions  wera 
reached  using  the  SAC  and  TAC  models.  In  each  case,  sever¬ 
al  uncontrollable  factors  wera  determined  to  influence  the 
success  of  a  base's  energy  conservation  efforts. 

Recommendat i ons  for  Further  Research 

The  author  recommends  several  areas  requiring  further 
research.  A  study  should  be  conducted  to  idantify  a  new 
approach  to  better  reflect  the  energy  conservation  efforts 
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of  a  base.  This  approach  should  provids  a  Mans  to  account 
for  ths  uncontrol lbla  factors  affecting  snargy  conserve— 
tion.  In  addition,  this  study  should  invsstigats  for 
additional  factors  that  aay  axplain  a  grsatsr  shars  of  ths 
variation  in  snargy  conssrvation.  As  idsntifisd  in  this 
analysis,  ths  factors  affseting  snsrgy  conssrvation  varied 
bstMssn  SAC  and  TAC.  Therefore,  it  aay  be  appropriate  to 
develop  different  adjustment  factors  that  apply  to  each 
command.  This  Mill  alleviate  the  problems  resulting  from 
large  variations  bet Mean  commands. 

Another  study  is  recommended  to  investigate  the 
qualitative  factors  affecting  energy  conservation.  A 
survey  instrument  is  needed  to  measure  the  effect  of  energy 
aMarenmss  programs,  MAJ COM's  support,  top  management's 
support  (i.e.  Ming  commander,  base  civil  engineer),  on 
energy  conservation.  In  addition,  this  research  should 
study  the  affect  of  socioeconomic  factors,  such  as  the 
price  of  gasoline,  to  measure  the  general  apathy  toeard  the 
need  to  conserve  energy. 
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341  341.  34.  81.  1.  1.  1. 

343  343.  37  .  81.  1.  4.  1. 

344  344  .  38.  81.  1.  7.  1. 

347  347.  39.  81.  1.  2.  1. 

348  348.  40.  81.  3.  4.  1. 

349  349  .  41.  81.  3.  1.  4. 

370  370.  42.  81.  3.  4.  4. 

371  371.  43.  81.  3.  4.  1. 

372  372.  41.  81.  3.  2.  4. 

373  373.  43.  81.  4.  4.  3. 
371  371.  44.  81.  4.  4.  3. 
375  373.  47.  81.  4.  2.  5. 

374  374.  48.  81.  4.  2.  3. 

377  377.  49.  81.  4.  1.  3. 

378  378.  70.  81.  4.  7.  5. 

379  379  .  71.  81.  4.  1.  3. 

380  380.  72.  81.  4.  7.  3. 

381  381.  73.  81.  4.  1.  3. 

382  382.  71.  81.  4.  1.  5. 

383  383.  73.  81.  4  .  7  .  5. 
381  381.  74.  81.  4.  4.  5. 
383  383  .  77  .  81.  4  .  4.  1. 
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Appendix  B:  Initial  Regression  Model 
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Appendix  C:  Strategic  Air  Command 
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Appendix  D:  Tactical  Air  Command 
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